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Cell line producing analgesic compounds for treating pain 

Field Qf the invention 

The present invention relates to a cell line 
5 useful for the treatment of pain. More particularly, 
the cell line of this invention has been genetically 
engineered to produce at least one analgesic compound 
from each of the groups consisting of endorphins, 
enkephalins, and catecholamines. 

10 Pfftckgrpund q$ the invention 

Pain is a common symptom of disease. The 
superficial dorsal horn of the spinal cord, where 
primary afferent fibers carrying nociceptive 
information terminate, contains enkephalinergic 

15 interneurons and high densities of opiate receptors. 
In addition, there is a dense concentration of 
noradrenergic fibers in the superficial laminae of the 
spinal cord. 

Acute pain arises in response to acute 

20 noxious stimuli. Chronic pain is predominantly due to 
neuropathies of central or peripheral origin. This 
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neuropathic pain is the result of aberrant 
somatosensory processing that can result in increased 
sensitivity to a painful stimulus (hyperalgesia) and 
pain associated with a stimulus that does not usually 
5 provoke, pain (allodynia) . 

Intrathecal injection of morphine into the 
spinal subarachnoid space produces potent analgesia. 
Similarly, intrathecal administration of norepinephrine 
or noradrenergic agonists also produces analgesia. 
10 See, e.g., Sagen et al., EXSXL* Natl. Acad. Sci. USA, . 
83, pp. 7522-26 (1986) . 

Co-administration of subeffective doses of 
opiates, such as enkephalins, and catecholamines, such 
as norepinephrine, may synergize to produce analgesia. 
15 Ibid. Chromaffin cells in the adrenal medulla produce 
and release several neuroactive substances including 
norepinephrine, epinephrine, met-enkephalin, leu- 
enkephalin, neuropeptide Y, vasoactive intestinal 
polypeptide, somatostatin, neurotensin, cholecystokinin 
20 and calcitonin gene-related peptide. See, e.g., Sagen 
et al., Prnr. Natl - Arad. Sri. USA, 83, pp. 7522-26 
(1986); Sagen et al., Jour. Neurochem. , 56, pp. 623-27 
(1991) . 

Because chromaffin cells produce both opioid 
25 peptides and catecholamines, one approach to reduction 
of nociceptive response or pain sensitivity has 
investigated transplanting adrenal medullary tissue, as 
well as isolated adrenal chromaffin cells, directly 
into CNS pain modulatory regions, in attempts to 
30 provide analgesia. See, e.g., Sagen et al., Brain 
Research , 384, pp. 189-94 (1986); Vaguero et al., 
Neuroreport , 2, pp. 149-51 (1991); Ginzberg and 
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Seltzer, Rr.in R^arch. 523, pp. 147-50 (1990); Sagen 
et al., Pain , 42. pp. 69-79 (1990). 

Attempts to produce analgesic have been made 
using both allogeneic and xenogeneic chromaffin tissue 
5 or cells transplants. Allograft tissue is in limited 
supply, and is not readily available, particularly for 
in human pain treatment programs. In addition, 
allogeneic human tissue carries the risk of pathogenic 
contamination. .See e.g., Hama and Sagen, Brain 
10 Research , 651, pp. 183-93 (1994). 

Xenogeneic donors may provide large \ 
quantities of material that can be readily obtained. 
For this reason, bovine adrenal tissue has been used: 
See, e.g., Hama and Sagen, Brain Research/ 651, 
15 pp. 183-93 (1994) . 

However, potentially serious host 
consequences, as well as ultimate graft rejection, are 
inherent problems in transplantation between disparate 
species. Complete graft rejection of whole or 
20 dissociated tissue may occur even in the CNS, normally 
thought to be immunologically privileged, due to 
presence of highly antigenic cells in the xenografts, 
particularly endothelial cells. In addition, the donor 
tissue must be carefully screened to avoid introduction 
25 of viral contaminants, or other pathogens, to the host. 
To overcome graft rejection, immunosuppression is 
required typically using cyclosporine A. 

Some reduction in pain sensitivity has been 
reported resulting from these transplants, particularly 
30 for the reduction of low intensity chronic pain. In 
most reports, significant differences between control 
and transplanted animals were noted only after nicotine 
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administration to stimulate opioid peptide production. 
However, there have been some reports that analgesia 
has been observed in a rat chronic pain model from 
basal level activity of chromaffin tissue allografts. 
5 See, e.g., Vaquero et al., Neu^fiepprt, 2, pp. 149-51 
(1991) and Hama and Sagen, Rrflin Research/ 651, pp. 
183-93 (1994). 

Bovine adrenal chromaffin cells have been 
encapsulated to form a bioartif icial organ ("BAO") for 

10 implantation into rats for the- treatment of acute and 
chronic pain. See, e.g., Sagen et al., J, NfiUrQSCi.«/ . 
13, pp. 2415-23 (1993) and Hama et al . , 7th World 
mnprpss Pain , Abstract 982, Paris France (1993). 
Initial trials in human subject have been conducted 

15 using encapsulated bovine chromaffin cells. See, 
Aebischer et al., Transplantation, 58, pp. 1275-77 
(1994). 

There have also been attempts to induce 
antinociception using other cells, e.g., AtT-20 cells. 

20 AtT-20 cells were originally derived from a mouse 

anterior pituitary tumor. These cells synthesize and 
secrete li-endorphin. See, e.g., Wu et al., J. Neura l 
Trahspl. & Plasticity, 5, pp. 15-26 (1993). 
AtT-20/hENK cells are AtT-20 cells that have been 

25 genetically engineered to carry the entire human pro- 
enkephalin A gene (i.e. containing 6 met-ehkephalin 
sequences and one leu-enkephalin sequence) with 200 
bases of 5' -flanking sequence and 2.66 kilobases of 3 1 - 
flanking sequence. See Wu et al., SUPrfl/ Comb et al., 

30 EMBO J, . 4, pp. 3115-22 (1985). 

WU et al., »T. Wmiral Transol. fi Plasticity, 
5, pp. 15-26 (1993) refers to rat hosts transplanted 
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with AtT-20 or AtT-20/hENK cells. Unstimulated AtT- 
20/hENK cells produced more antinociception (tail flick 
test) than produced by AtT-20 implants- In contrast, 
isoproterenol stimulation produced more antinociception 
5 with AtT-20 cells than with AtT-20/hENK cells, Ihid- 

In mice hosts, AtT-20 or AtT-20/hENK implants 
did not affect basal response to thermal nociceptive 
stimuli. Mice receiving AtT-20 implants developed 
tolerance to iJ-endorphin and a p-opioid agonist 

10 (DAMGO) . Mice receiving AtT-2Q/hENK implants developed 
tolerance to an 6-opioid agonist (DPDPE) . In response 
to repeated doses of an y opiate agonist, mice 
receiving AtT-20/hENK implants developed less tolerance 
compared to mice receiving AtT-20 cells or controls. 

15 The antinociceptive effect of isoproterenol 

treatment appeared equal in mice receiving AtT-20 or 
AtT-20/hENK cell implants. See, Wu et al., i* 
Ngnrosnience, 14, pp. 4806-14 (1994). Wu et al . 
speculated that one reason for the absence of 

20 additional antinociception in mice implanted with 

enkephalin producing AtT-20/hENK cells may be due to 
lack of sensitivity of the behavioral assays. Another 
possible reason was that met-enkephalin' s known 
antagonist effect on morphine induced antinociception 

25 offset the potentiating effect of the single 

leu-enkephalin, particularly since there are 6 met- 
enkephalin sequences for each leu-enkephalin sequence 
in pro-enkephalin A. 



SUBSmUIE SHEET (ROLE 26) 



WO 96/40959 



PCI7US96/09629 



Summary of the Invention 

The present invention provides a cell line 
that has been genetically engineered to produce at 
least one analgesic compound from each of the groups 
5 consisting of endorphins, enkephalins, and 

catecholamines- The cell line may be used in the 
treatment of pain. 

There are advantages to using a cell line 
over the use of primary cells. Expensive and time 

10 consuming testing to ensure safety and performance 
criteria for cells must be performed for individual 
isolations of primary cells. Less testing is required . 
of a cell bank. There is no need to isolate primary 
cells. Output of the desired analgesics may be more 

15 stable since the performance of primary cells may be 
dependent on the age, sex, health or hormonal status of 
the donor animal. It is also possible to achieve 
higher output of the desired products, as well as to 
engineer specifically modified peptides into the cell 

20 line. This permits delivery of multiple analgesics 
simultaneously. Expression of one or more of the 
analgesics can be regulated (by using a regulatable 
promoter to drive expression) . In addition, for 
safety, a "suicide" gene can be incorporated into the 

25 cell line. Further, for encapsulation purposes 

proliferating cells have the advantage that they divide 
to replace dying or dead cells. 
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Friftf Description of the Drawing 

Figure 1 is a plasmid map of vector pBS- 
hPOMC-027, pBS-IgSP-hPOMC-028 and pBS-IgSP-hPOMC-AACTH- 
029. 

5 Figure 2 is a plasmid map of vectors pCEP4- 

hPOMC-030, pCEP4-hPOMC-031, pcDNA3-hPOMC-034 and 
pcDNA3-hPOMC-035. 

Figure 3 is a plasmid map of vectors pCEP4- 
hPOMC-AACTH-032, pCEP4-hPOMC-AACTH~033, pcDNA3-hPOMC- 
10 AACTH-36 and pcDNA3-hPOMC-AACTH-037 . 

Figure 4 is a plasmid map of vectors pcDNA3- 
rTH-044, pcDNA3-rTHA-045, and pcDNA3-rTHDKS-075 (also 
represented as pcDNA3-rTHAKS-075) . 

Figure 5 is a plasmid map of vectors pcDNA3- 
15 rTHA-IRES-bDBH-088 and pcDNA3-rTHAKS-IRES-bDBH-076 . 

Figure 6 is a plasmid map of vector pZeo- 
Pcmv-rTHAKS-IRES-bDBH-088. 

Figure 7 is a plasmid map of vector pBS-Pcmv- 
rTHAIRES-bDBH-067. 
20 Figure 8 is a plasmid map of vector pBS- 

hPOMOAACTH-IRES-rTHAIRES-bDBH-068 ; 

Figure 9 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-069. 

Figure 10 is a plasmid map of vector pcDNA3- 
25 IRES-Zeocin-072 . 

Figure 11 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin-073. 

Figure 12 is a plasmid map of vector pcDNA3- 
hPROA+KS-091. 
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Detailed Dp^riptinn of the Invention 

In order that this invention may be more 
fully understood, the following detailed description is 
set forth, 

5 Any suitable cell may be transformed with the 

recombinant DNA molecules of this invention. Among the 
contemplated cells are chromaffin cells, including 
conditionally immortalized chromaffin cells such as 
those described in WO 96/02646, Neuro-2A, PC12, PC12a, 

10 SK-N-MC, AtT-20, and RIN cells including RINa and RINb. 
Preferably the cell has endogenous prohormone 
convertases and/or dopa decarboxylases, 

SK-N-MC cells, a neuroepithelioma cell line, 
co-expresses several neuropeptides, including 

15 enkephalin, cholecystokinin and gastrin-releasing 

peptide. See, e.g., Verbeeck et al., J, PiQlt CheFU/ 
265, pp. 18087-090 (1990). The pro-enkephalin A gene 
has been expressed in SK-N-MC cells. See, e.g., 
Folkesson et al., Mol. Brain Res., 3, pp. 147-54 

20 (1988) . We prefer AtT-20 and RIN cells, most 
preferably RIN cells. 

RIN cells are a pancreatic endocrine cell 
line derived from rat. See, e.g., Horellou et al., 
J. Physiol, , 85, pp. 158-70 (1991). RIN cells are 

25 known to endogenously produce GABA and 15-endorphin. 

Some of the characteristics of various 
contemplated cells are shown in Table 1. 
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10' 



15 



20 



25 



30 



Ceils 

Chromaffin 

PC12, PC12a 

AtT-20 

RINa 

RINb 

Neuro 2A 

TH ■ 
DDC = 
D(3H = 
PC = 



Table 1 
Analgesic Substances 
NE, met-enkephalin 
low NE & met-enkephalin 
P-endorphin 
P-endorphin, GABA 
P-endorphin 



Other components 
TH, DDC, DpH, PC 
DDC, DPH, PC 
DDC, PC 
DDC, PC 
DDC, PC 
DDC, DpH, PC 



AtT20 = 

RIN = 
Neuro 2A 



Tyrosine hydroxylase converts tyrosine - l-dopa 
Dopamine decarboxylase converts l-dopa - dopamine (DA) 
Dopamine P-Hydroxylase converts DA - norepinephrine (NE) 
Prohormone Convertases process POMC to P-endorphin and Pro- 
enkephalin A (ProA) to met-enkephalin. 

Mouse pituitary corticotroph cell line that endogenously secretes p-endorphin 
via expression of Pro-opiomelanocortin (POMC). 
Rat insulinoma 
Mouse neuroblastoma 



The primary delivery products include at 
least one each of an endorphin, an enkephalin and a 
catecholamine. 

Enkephalins and endorphins are endogenous 
opioid peptides in humans. These opioid peptides 
comprise approximately 15 compounds ranging from 5 to 
31 amino acids. These compounds bind to and act at 
least in part via the same p opioid receptor as 
morphine, but are chemically unrelated to morphine. In 
addition, these compounds stimulate other opiate 
receptors. Yaksh and Malmberg, TsxtbooH Of Pain* 3rd 
Ed. (Eds. P. Wall and R. Melzack) , "Central 
Pharmacology of Nociceptive Transmission," pp. 165-200, 
1994 (New York) . 

The opioid peptides have common chemical 
properties, but are synthesized in different pathways. 
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fi-endorphin, the most abundant endorphin, is 
synthesized as part of a larger precursor molecule, 
pro-opiomelanocortin ("POMC") . The POMC molecule 
contains the full sequence of adrenocorticotropic 
5 hormone ("ACTH") , a-melanocyte-stimulating hormone 

("a-MSH"), fi-MSH, and fi-lipotropin. The POMC precursor 
molecule also has the potential to generate other 
endorphins, including a-endorphin and gamma-endorphin. 
Processing of the POMC precursor occurs differently 

10 within various tissues according to the localization of 
cleavage enzymes, such as prohormone convertases, 
within those tissues. 

In the pituitary, POMC is cleaved to produce 
ACTH and B-endorphin, and the ACTH is not further 

15 processed. In contrast, in the hypothalamus, ACTH is 
converted to J5-MSH. While different cell types may 
synthesize the same primary gene product, the final 
profile of hormone secretion may differ widely. 

This invention contemplates use of a DNA 

20 sequence encoding any suitable endorphin that has 

analgesic activity. In addition, analogs or fragments 
of these endorphins that have analgesic activity are 
also contemplated. Thus the endorphin to be produced 
by the cells of this invention may be characterized by 

25 amino acid insertions, deletions, substitutions and 
modifications at one or more sites in the naturally 
occurring amino acid sequence of the desired endorphin. 
We prefer conservative modifications and substitutions 
(i.e., those having a minimal effect on the secondary 

30 or tertiary structure of the endorphin and on the 
analgesic properties of the endorphin) . Such 
conservative substitutions include those described by 
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Dayhoff in Atlas of Protein Sequence and Structure/ 5, 
(1978) and by Argos, EmkQ-JLu/ 3, pp. 779-85 (1989). 

Techniques for generating such variants of 
naturally occurring endorphins are well known. For 
5 example, codons in the DNA sequence encoding the wild 
type endorphin may be altered by site specific 
mutagenesis. 

This invention contemplates using a DNA 
sequence encoding the entire POMC precursor molecule. 
io This embodiment takes advantage of the host cell's 
cleavage enzymes (i.e./ Prohormone convertase 2) to- 
generate a suite of endorphins, some or all of which 
may have analgesic properties. 

This invention also contemplates use of DNA 
15 fragments of the POMC gene that encode a particular 
desired endorphin. 

The DNA and amino acid sequence of POMC are 
well known. Cochet et al., EaJUJX£, 297, pp. 335-9 
(1982); Takahashi et al., NuciU Acitif? Res./ 11/ 
20 pp. 6847-58 (1983) . 

We prefer a DNA sequence encoding POMC in 
which the ACTH coding region has been deleted. The 
preferred endorphin encoded by this construct is 
fi-endorphin. 

25 Some enkephalins are synthesized in the 

adrenal glands as part of a large protein, pro- 
enkephalin A, that contains six repeats of the Met- 
enkephalin sequence and one Leu-enkephalin structure. 
Met-enkephalin, as well as Met-enkephalin-Arg-Phe and 

30 Met-enkephalin-Arg-Gly-Leu have significant 

antinociceptive activity. See, e.g., Sagen et al., 
Brain Res.. 502, pp. 1-10 (1989). 
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Other enkephalins, i.e., dynorphins and neo- 
endorphins are derived from a distinct molecule, pro- 
enkephalin B. Additional "cryptic" peptides are also 
encoded within the structure of these precursor 
5 proteins, and may be released by "pro-hormone- type" 
cleavage. See, e.g., Harrison's "Principles Of 
Internal Medicine", 12th Edition, pp. 1168-69 (1991). 

This invention contemplates use of a DNA 
sequence encoding any suitable enkephalin that has 

10 analgesic activity. Analogs and active fragments that 
have analgesic properties are also contemplated. Such 
analogs or fragments may thus have amino acid 
insertions, deletions, substitutions at one or more 
sites in the naturally occurring amino acid sequence. 

is Such variants may be generated as described above. 

This invention contemplates use of a DNA 
sequence encoding a desired enkephalin in its "mature" 
form. In addition, this invention contemplates using a 
DNA sequence encoding the entire pro-enkephalin A 

20 precursor, or the entire pro-enkephalin B precursor. 
Further, we also contemplate using DNA encoding a 
fusion, or fragment of these sequences, that upon 
expression yields one or more enkephalin-like molecules 
that have analgesic properties. 

25 We prefer use of a DNA sequence encoding the 

entire pro-enkephalin A precursor molecule. The DNA 
and amino acid sequence of pro-enkephalin A are well 
known. Folkesson , £U££a- This embodiment takes 
advantage of the host cell's cleavage enzymes, such as 

30 prohormone convertase, to generate a suite of 

enkephalins, some or all of which may have analgesic 
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properties. The preferred enkephalin encoded by this 
construct is Met-enkephalin. 

There are three naturally occurring 
catecholamines which function as neurotransmitters in 
5 the central nervous system; norepinephrine ("NE"), 

epinephrine ("E"), and dopamine. NE is associated with 
postganglionic sympathetic nerve endings. NE exerts 
its effects locally in the immediate vicinity of its 
release. 

10 Catecholamines are synthesized from the" amino 

acid tyrosine, which is sequentially hydroxylated to 

form dihydroxyphenylalanine (dopa) , decarboxylated to 

form dopamine, and then hydroxylated on the beta 

position of the side chain by dopamine beta hydroxylase 
is to form NE. Harrison' s, " «sube&, pp. 380. ,NE is 

N-methylated to E by phenylethanolamine-N 

methyltransferase ( "PNMT" ) . 

Hydroxylation of tyrosine by tyrosine 

hydroxylase ("TH") is the rate limiting step in NE 
20 synthesis. Regulation of dopa and NE synthesis in the 

adrenal medulla may be accomplished by changes in the 

amount and the activity of TH. 

In addition, regulation of synthesis of E 

from NE may occur by changes in the amount and the 
25 activity of phenylethanolamine-N-methyltransf erase 
("PNMT") . PNMT is inducible by glucocorticoids from 

the adrenal cortex. Ibid* 

Catecholamines are maintained in high 

concentration in adrenal medullary chromaffin tissue, 
30 mostly as E . Opioid peptides are also stored in the 

adrenal gland. 
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NE and E have similar affinities at a 2 
receptors and therefore both potentially contribute to 
analgesia. Bylund, FftSEB J., 6, PP. 832-39 (1992). 
The enkephalin peptides that predominantly include met- 
5 enkephalin selectively activate delta (5) opioid 
receptors. Reisine and Bell, TrsndS NffUrPSCi./ 16/ 
pp. 506-10 (1993) . Activation of a 2 adrenergic and 5 
opioid receptors in the spinal cord each result in 
antinociception and are potentially synergistic. Yaksh 
10 and Malmberg, Progress in Pain Research and Management, 
Vol. 1, Ed. Fields and Lisbeskind, IASP Press, Seattle, 
pp. 141-71 (1994) . Activation of 5 versus (y) opioid 
receptors in experimental animals results in fewer 
adverse side effects including constipation and 
15 addiction liability (Lee et al., J, Pharmacol t E*P« 
Ther. . 267, pp. 883-87 (1993). The combined delivery 
of different opioidergic and adrenergic agents may 
decrease the magnitude of tolerance that develops to a 
single agent and lead to sustained pain relief. Yaksh 
20 and Reddy, anpsthesiol , , 54, pp. 451-67 (1981). 

This invention contemplates use of a DNA 
sequence encoding catecholamine biosynthetic enzymes or 
analogs or fragments thereof to obtain catecholamines 
that have analgesic properties. The preferred 
25 catecholamines in this invention are NE and E. 

In one embodiment, the host cell is 
transformed with the genes necessary to accomplish 
production of NE or E, as desired. The selection of 
heterologous gene sequences required depends upon the 
30 complement of catecholamine synthesizing enzymes 

normally occurring in the host cell. For example, RIN 
cells, and AtT-20 cells lack tyrosine hydroxylase 
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("TH") and dopamine beta hydroxylase ("DBH") . However, 
RIN and AtT-20 cells contain endogenous dopa 
decarboxylase ("DDC") . If the desired catecholamine is 
E, then the gene encoding PNMT is also required. The 
5 gene encoding PNMT is known. Baetge et al:, ?TQQ* 
M*1-M Ar.ri. Sri.. 83, pp. 5455-58 (1986). 

The gene encoding TH is known. See, e.g., 
United States patent 5,300,436, incorporated herein by 
reference. Modified TH variants are also known. 

10 United States patent 5,300,436. In addition, truncated 
versions of TH that contain the necessary C-terminal 
catalytic domains are also known. See, e.g., Daubner 
et al., PrntPin Science, 2, pp. 1452-60 (1993). 

AtT-20 cells have been transformed with wild 

15 type TH, as well as various TH muteins. See, e.g., Wu 
et al., .T- fiioT ■ Chem.. 261, pp. 25754-758 (1992). 

The sequence of the DBH gene is also well 
known. See, e.g., Lamoroux et al., EMPQ J . , 6, 
pp. 3931-37 (1987) . 

20 It will be appreciated that in addition. to 

the preferred DNA sequences described herein, there 
will be many degenerate DNA sequences that code for the 
desired analgesics. 

Secondary compounds with potential analgesic 

25 action may also be produced by the cells of this 
invention. Such compounds include galanin and 
somatostatin. In addition, neuropeptide Y, neurotensin 
and cholecystokinin may be produced by the transformed 
cells of this invention. The cells of this invention 

30 may normally produce some or all of these compounds, or 
may be genetically engineered to do so using standard 
techniques . 
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Standard methods may be used to obtain or 
synthesize the genes encoding the analgesic compounds 
to be produced by the cells of this invention. 

For example, the complete amino acid sequence 

5 of the desired compound may be used to construct a 
back-translated gene. A DNA oligomer containing a 
nucleotide sequence coding for the desired analgesic 
compound may be synthesized. For example, several 
small oligonucleotides coding for portions of each 

10 desired polypeptide may be synthesized and then 

ligated. The individual oligonucleotides typically 
contain 5' or 3' overhangs for assembly. 

The DNA sequence encoding each desired 
analgesic compound, may or may not also include DNA 

15 sequences that encode a signal sequence. Such signal 
sequence, if present, should be one recognized by the 
cell chosen for expression of the analgesic compound. 
It may be prokaryotic, eukaryotic or a combination of 
the two. It may also be the signal sequence of the 

20 native compound. It generally is preferred that a 

signal sequence be encoded and most preferably that the 
native signal sequence be used. 

Once assembled, the DNA sequences encoding 
the desired compounds will be inserted into one or more 

25 expression vectors and operatively linked to expression 
control sequences appropriate for expression in the 
desired transformed cell. 

Proper assembly may be confirmed by 
nucleotide sequencing, restriction mapping, and 

30 expression of a biologically active polypeptide in the 
transformed cell. As is well known in the art, in 
order to obtain high expression levels of a transfected 
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gene in a host, the gene must be operatively linked to 
transcriptional and translational expression control 
sequences that are functional in the chosen expression 
cell. 

5 The choice of expression control sequence and 

expression vector will depend upon the choice of cell. 
A wide variety of expression host/vector combinations 
may be employed. Useful expression vectors for 
eukaryotic hosts, include, for example, vectors 

10 comprising expression control sequences from SV40, 

bovine papilloma virus, adenovirus. and cytomegalovirus. 

We prefer pcDNA3, pCEP4, pZeoSV (InVitrogen, 
San Diego) and pNUT. 

Any of a wide variety of expression control 

15 sequences may be used in these vectors. Such useful 
expression control sequences include the expression 
control sequences associated with structural genes of 
the foregoing expression vectors. Examples of useful 
expression control sequences include, for example, the 

20 early and late promoters of SV4 0 or adenovirus, the 
promoter for 3-phosphoglycerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a-mating system 
and other sequences known to control the expression of 

25 genes of eukaryotic cells or their viruses, and various 
combinations thereof. 

It should of course be understood that not 
all vectors and expression control sequences will 
function equally well to express the DNA sequences 

30 described herein. Neither will all cells function 

equally well with the same expression system. However, 
one of skill in the art may make a selection among 
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these vectors, expression control sequences and cells 
without undue experimentation. For example, in 
selecting a vector, the host cell must be considered 
because the vector must replicate in it. The vector's 
5 copy number, the ability to control that copy number, 
and the expression of any other proteins encoded by the 
vector, such as antibiotic markers, should also be 
considered. 

In selecting an expression control sequence, 

10 a variety of factors should also be considered. These 
include, for example, the relative strength of the 
sequence, its controllability, and its compatibility 
with the actual DNA sequence encoding the desired 
analgesic compounds, particularly as regards potential 

15 secondary structures. Host cells should be selected by 
consideration of their compatibility with the chosen 
vector, the toxicity of the product coded for by the 
DNA sequences, their secretion characteristics, their 
ability to fold the polypeptides correctly, and their 

20 culture requirements. If the host cell is to be 
encapsulated, cell viability when encapsulated and 
implanted in a recipient should also be considered. 

Within these parameters, one of skill in the 
art may select various vector/expression control 

25 sequence/host combinations that will express the 
desired DNA sequences in culture. 

In one embodiment, cells (e.g., RIN cells) 
are sequentially transformed with 4 separate expression 
vectors containing the POMC gene, the pro-enkephalin A 

30 gene, the TH gene and the DBH gene. In such a 

transformed host cell, amplification of copy number of 
the heterologous genes is more difficult to achieve. 
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Thus use of fewer expression vectors is preferred. Most 
preferably, a single expression vector, containing all 
4 heterologous genes, is used. 

In a particular embodiment RIN cells are 

5 sequentially transformed with 3 expression vectors. 

The first vector contains the POMC gene operably linked 
to the CMV promoter. Preferably a truncated version of 
the POMC gene is used, having the ACTH coding region 
deleted. The second vector contains the pro-enkephalin 

10 A gene operably linked to the CMV promoter. Preferably 
the proA construct contains the Kozak sequence 
immediately upstream of the start codon. The third 
vector contains both the TH gene (preferably truncated 
and having the Kozak consensus sequence immediately 

15 upstream of the start codon) and the DBH gene. In this 
embodiment, the TH gene is operably linked to the CMV 
promoter. The DBH gene is operably linked to an 
internal ribosome entry site promoter sequence. RIN 
cells are then transformed sequentially with each 

20 expression vector according to known protocols. 

In another embodiment, a single expression 
vector containing the pro-enkephalin A gene, the POMC 
gene, the TH gene, and the DBH gene is constructed. 
Preferably, the ACTH region of the POMC gene is 

25 deleted. Preferably the TH gene is truncated. 

Multiple gene expression from a single 
transcript is preferred over expression from multiple 
transcription units. One approach for achieving 
expression of multiple genes from a single eukaryotic 

30 transcript takes advantage of sequences in picorna 
viral mRNAs known as internal ribosome entry sites 
("IRES") . These sites function to facilitate protein 
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translation from sequences located downstream from the 
first AUG of the mRNA. 

Macejak and Sarnow reported that the 5 ! 
untranslated sequence of the immunoglobulin heavy chain 
5 binding protein (BiP, also known as CRP 78, the 

glucose-regulated protein of molecular weight 78,000) 
mRNA can directly confer internal ribosome binding to 
an mRNA in mammalian cells, in a 5'-cap independent 
manner, indicating that translation initiation by an 
10 internal ribosome binding mechanism is used by this 
cellular mRNA. Ua&lLZ 353, pp. 90-94 (1991). 

WO 94/24870 refers to use of more than two 
IRES for translation initiation from a single 
transcript, as well as to use of multiple copies of the 
15 same IRES in a single construct. 

This invention also contemplates use of a 
"suicide" gene in the transformed cells. Most 
preferably, the cell carries the TK (thymidine kinase) 
gene as a safety measure, permitting the host cell to 
20 be killed in vivo by treatment with gancyclovir. 

Use of a "suicide" gene is known in the art. 
See, e.g., Anderson, published PCT application 
WO 93/10218; Hamre, published PCT application 
WO 93/02556. The recipient's own immune system 
25 provides a first level of protection from adverse 

reactions to the implanted cells. If encapsulated, the 
polymer capsule itself may be immuno-isolatory . The 
presence of the TK gene (or other suicide gene) in the 
expression construct adds an additional level of safety 
30 to the recipient of the implanted cells. 

Preferred vectors for use in this invention 
include those that allow the DNA encoding the analgesic 
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compounds to be amplified in copy number. Such 
amplifiable vectors are well known in the art. They 
include, for example, vectors able to be amplified by 
DHFR amplification (see, e.g., Kaufman, United States 
5 Patent 4,470,4 61, Kaufman and Sharp, "Construction Of A 
Modular Dihydrafolate Reductase cDNA Gene: Analysis Of 
Signals Utilized For Efficient Expression", Ma] , Cell . 
Biol. . 2, pp. 1304-19 (1982)) or glutamine synthetase 
("GS") amplification (see, e.g., United States patent 

10 5,122,464 and European published application 338,841). 
Such amplification can be used to increase output of 
the desired analgesic compounds. 

Other techniques for increasing the output of 
the desired analgesic compounds are contemplated. For 

is example, subcloning existing polyclonal cell lines is 
contemplated. Cells are cloned by limiting dilution to 
a single cell in each well. Cell clones are cultures, 
and the clones are tested to select the clone with the 
highest output of analgesic substances. 

20 Another technique for increasing the output 

of the desired analgesic compounds involves cloning 
altered forms of biosynthetic enzymes with higher 
activity than the wild type form (i.e., the truncated 
TH 1-155) . Some truncated forms of TH have 4-6 times 

25 increased activity over the wild type form of TH. See, 
e.g., Daubner et al., "Expression and characterization 
of catalytic and regulatory domains of rat tyrosine 
hydroxylase" Protein Science, 2, pp. 1452-60 (1993). 

In addition, use of tyrosine-f ree media to 

30 select to increase tetrahydrobiopterin cofactor levels 
may potentially increase tyrosine hydroxylase activity. 
See, e.g., Horellou et al., "Retroviral transfer of a 
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human tyrosine hydroxylase cDNA in various cell lines; 
regulated release of dopamine in mouse anterior 
pituitary AtT-20 cells", Proc, Natl ■ ftCfld. Sci. USA/ 
86, pp. 7233-37 (1989) . 
5 Preferably, the output of fi-endorphin ranges 

between 1 and 10,000 pg/10* cells/hr. Preferably, the 
output of met-enkephalin ranges between 1 and 10,000 
pg/10 6 cells/hr. Preferably, the output of 
catecholamines ranges between 1 and 1,000 pmoles/10 6 
10 cells/hr. 

The cells- of this invention may be implanted 
into a mammal, including a human, for the treatment, of 
pain. If implanted unencapsulated, any suitable 
implantation protocol may be used, including those 

15 outlined by Sagen et al., United States patent 
4,753, 635', incorporated herein by reference. 

It may be desirable to encapsulate the 
genetically modified cells of this invention before 
implantation. Such encapsulated cells form a 

20 bioartificial organ ("BAO" ) . BAOs may be designed for 
implantation in a recipient or can be made to function 
extra-corporeally. The BAOs useful in this invention 
typically have at least one semipermeable outer surface 
membrane or jacket surrounding a cell-containing core. 

25 The jacket permits the diffusion of nutrients, 
biologically active molecules and other selected 
products through the BAO. The BAO is biocompatible. 

In some cases, the membrane may serve to also 
immunoisolate the cells by blocking the cellular and 

30 molecular effectors of immunological rejection. The 
use of immunoisolatory membranes allows for the 
implantation of alio and xenogeneic cells into an 
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individual without the use of immunosuppression- If 
biologically active molecules are released from the 
isolated cells, they pass through the surrounding 
semipermeable membrane into the recipient's body. If 
5 metabolic functions are provided by the isolated cells, 
the substances to be metabolized enter the BAO from the 
recipient's body through the membrane to be acted on by 
the cells. 

A variety of types of membranes have been 

10 used in the construction of BAOs. Generally, the .. 
membranes used in BAOs are either microporous ot 
ultrafiltration grade membranes. A variety of membrane 
materials have been suggested for use in BAOs, 
including PAN/PVC, polyurethanes, polysufones, 

is polyvinylidienes, and polystyrenes. Typical membrane 
geometries include flat sheets, which may be fabricated 
into "sandwich" type constructions, having a layer of 
living cells positioned between two essentially planar 
membranes with seals formed around the perimeter of the 

20 device. Alternatively, hollow fiber devices may be 
used, where the living cells are located in the 
interior of a tubular membrane. Hollow fiber BAOs may 
be formed step-wise by loading living cells in the 
lumen of the hollow fiber and providing seals on the 

25 ends of the fiber. Hollow fiber BAOs may also be 

formed by a coextrusion process, where living cells are 
coextruded with a polymeric solution which forms a 
membrane around the cells. 

BAOs have been described, for example, in 

30 United States patent Nos. 4,892,538, 5,106,627, 
5,156,844, 5,158,881, and 5,182,111, and PCT 
Application Nos. PCT/US/94/07015, WO 92/19195, WO 
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93/03901, and WO 91/00119, all of which are 
incorporated herein by reference. 

BAOs may contain other components that 
promote long term survival of the encapsulated cells. 
5 For example, WO 92/19195 refers to implantable 
immunoisolatory biocompatible vehicles having a 
hydrogel matrix for enhancing cell viability. 

The encapsulating membrane of the BAO may be 
made of a material which is the same as that of the 

10 core, or it may be made of a different material- In 
either case, a surrounding or peripheral membrane 
region of the BAO which is permselective and 
biocompatible will be formed. The membrane may also be 
constructed to be immunoisolatory, if desired. The 

15 core contains isolated cells, either suspended in a 
liquid medium or immobilized within a hydrogel matrix. 

The choice of materials used to construct the 
BAO is determined by a number of factors and is 
described in detail in Dionne WO 92/19195. Briefly, 

20 various polymers and polymer blends can be used to 
manufacture the capsule jacket. Polymeric membranes 
forming the BAO and the growth surfaces therein may 
include polyacrylates (including acrylic copolymers), 
polyvinylidenes, polyvinyl chloride copolymers, 

25 polyure thanes, polystyrenes, polyamides, cellulose 
acetates, cellulose nitrates, polysulf ones, 
polyphosphazenes, polyacrylonitriles, 
poly (acrylonitrile/covinyl chloride), as well as 
derivatives, copolymers and mixtures thereof. 

30 BAOs may be formed by any suitable method 

known in the art. One such method involves coextrusion 
of a polymeric casting solution and a coagulant which 
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can include biological tissue fragments, organelles, or 
suspensions of cells and/or other therapeutic agents, 
as described in Dionne, WO 92/19195 and United States 
Patents 5,158,881, 5,283,187 and 5,284,761, 
5 incorporated herein by reference . 

The jacket may have a single skin or a double 
skin. A single-skinned hollow fiber may be produced by 
quenching only one of the surfaces of the polymer 
solution as it is co-extruded, A double-skinned hollow 

10 fiber may be produced by quenching both surfaces of the 
polymer solution as it is co-extruded. 

Numerous capsule configurations, such as 
cylindrical, disk-shaped or spherical are possible. 

The jacket of the BAO will have a pore size 

15 that determines the nominal molecular weight cut off 
(nMWCO) of the permselective membrane. Molecules 
larger than the nMWCO are physically impeded from 
traversing the membrane. Nominal molecular weight cut 
off is defined as 90% rejection under convective 

20 conditions. In situations where it is desirable that 
the BAO is immunoisolatory, the membrane pore size is 
chosen to permit the particular factors being produced 
by the cells to diffuse out of the vehicle, but to 
exclude the entry of host immune response factors into 

25 the BAO. Typically the nMWCO ranges between 50 and 200 
kD, preferably between 90 and 150 kD. The most 
suitable membrane composition will also minimize 
reactivity between host immune effector molecules known 
to be present at the selected implantation site, and 

30 the BAO's outer membrane components. 

The core of the BAO is constructed to provide 
a suitable local environment for the particular cells 
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isolated therein. The core can comprise a liquid 
medium sufficient to maintain cell growth. Liquid 
cores are particularly suitable for maintaining 
transformed cell lines like PC12 cells. Alternatively, 
5 the core can comprise a gel matrix. The gel matrix may 
be composed of hydrogel (alginate, "Vitrogen™" , etc.) 
or extracellular matrix components. See, e.g., Dionne 
WO 92/19195. 

Compositions that form hydrogels fall into 

10 three general classes. The first class carries a net 
negative charge (e.g., alginate). The second class 
carries a net positive charge (e.g., collagen and 
laminin) . Examples of commercially available 
extracellular matrix components include Matrigel™ and 

15 Vitrogen™. The third class is net neutral in charge 
(e.g., highly crosslinked polyethylene oxide, or 
polyvinylalcohol) . 

Any suitable method of sealing the BAO may be 
used, including the employment of polymer adhesives 

20 and/or crimping, knotting and heat sealing. These 

sealing techniques are known in the art. In addition, 
any suitable "dry" sealing method can also be used. In 
such methods, a substantially non-porous fitting is 
provided through which the cell-containing solution is 

25 introduced. Subsequent to filling, the BAO is sealed. 
Such a. method is described in copending United States 
application Serial No. 08/082,407, herein incorporated 

by reference. 

One or more in vitro assays are preferably 
30 used to establish functionality of the BAO prior to 
implantation in vivo . Assays or diagnostic tests well 
known in the art can be used for these purposes. See, 
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e.g., Methods In Enzvmolocrv, Abelson [Ed], Academic 
Press, 1993. For example, an ELISA (enzyme-linked 
immunosorbent assay) , chromatographic or enzymatic 
assay, or bioassay specific for the secreted product 
5 can be used. If desired, secretory function of an 
implant can be monitored over time by collecting 
appropriate samples (e.g., serum) from the recipient 
and assaying them. If the recipient is a primate, 
microdialysis may be used. 

10 The number of BAOs and BAO size should be 

sufficient to produce a therapeutic effect upon 
implantation is determined by the amount of biological 
activity required for the particular application. In 
the case of secretory cells releasing therapeutic 

15 substances, standard dosage considerations and criteria 
known to the art are used to determine the amount of 
secretory substance required. Factors to be considered 
are discussed in Dionne, WO 92/19195. 

Implantation of the BAO is performed under 

20 sterile conditions. Generally, the BAO is implanted at 
a site in the host which will allow appropriate 
delivery of the secreted product or function to the 
host and of nutrients to the encapsulated cells or 
tissue, and will also allow access to the BAO for 

25 retrieval and/or replacement. The preferred host is a 
primate, most preferably a human. 

A number of different implantation sites are 
contemplated. These implantation sites include the 
central nervous system, including the brain, spinal 

30 cord, and aqueous and vitreous humors of the eye. 

Preferred sites in the brain include the striatum, the 
cerebral cortex, subthalamic nuclei and nucleus Basalis 
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of Meynert. Other preferred sites are the 
cerebrospinal fluid, most preferably the subarachnoid 
space and the lateral ventricles . This invention also 
contemplates implantation into the kidney subcapsular 
5 site, and intraperitoneal and subcutaneous sites, or 
any other therapeutically beneficial site. 

In order that this invention may be better 
understood, the following examples are set forth. 
These examples are for purposes of illustration only, 
10 and are not to be construed as limiting the scope of 
this invention in any manner. 

Examples 

ronstniGtion o f Polvcistronic Expression Vector? 
Construction of IgSP-POMC Fusion 

15 The Smal-Sall fragment containing the human 

POMC exon 3 was subcloned into pBS cloning vector 
(Stratagene) . See Takahashi. svpra; Cochet, SUPES - 
The resulting plasmid was named as pBS-hPOMC-027 . See 
Fig. 1. 

20 A PCR fragment was generated using two 

oligonucleotide primers, termed oCNTF-003 (SEQ ID 
NO: 1) and oIgSP-018, (SEQ ID NO: 2) and the pNUT 
plasmid containing the human CNTF gene. See Baetge 
et al., Prnr.. Natl - AraH , Sri , USA, 83, pp. 5454-58 

25 (1986) . Both primers oCNTF-003 and oIgSP-018, contain 
synthetic BamHI and Smal restriction sites, 
respectively, at the 5 1 ends. 

The 196 base pair (bp) PCR fragment was 
digested with restriction endonucleases BamHI and the 

30 Smal-isoschizomer Xmal, and electrophoresed through an 
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1% SeaPlaque agarose. The 193 bp Hindlll/Xmal DNA 
fragment was excised and purified using the EMC 
SpinBind DNA purification kit (EMC BioProducts, 
Rockland, ME) . 
5 pBS-hPOMc-027 was also digested with BamHI 

and Xmal and purified from 1% SeaPlaque agarose using 
the EMC SpinBind DNA purification kit (EMC BioProducts, 
Rockland, ME) • The ligation mixture was transformed 
into E. coli DH5a (Gibco BRL, Gaithersburg, MD) . 

io Positive sub-clones were initially identified 

by the cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) . Minilysate DNA was then 
prepared using the EMC SpinBind DNA purification kit 
(EMC BioProducts, Rockland, ME) and subject to BamHI 

15 and Smal restriction digestions. The positive sub- 
clone was named as pBS-IgSP-hPOMC-028 . See Fig- 1. 
The nucleotide sequence of the fusion junction in pBS- 
IgSP-hPOMC-028 was determined by the dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 

20 Cleveland) . The sequence of the IgSP-hPOMC fusion is 
shown in SEQ ID NO: 3. 

Construction of IgSP-POMC Expression Vectors 

The IgSP-hPOMC DNA fragment in pBS-IgSP- 
hPOMC-028 was subcloned into pcDNA3 (Invitrogen Corp., 
25 San Diego, CA) and pCEP4 (Invitrogen Corp., San Diego, 
CA) in sense and anti-sense orientations. 

The Notl-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the Notl-Xhol digested 
pCEP4 resulting in the sense orientation clone named as 
30 pCEP4-hPOMC-030. Fig. 2. The BamHI-Sall IgSP-hPOMC 
fragment from pBS-IgSP-hPOMC-028 was ligated with the 
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BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-031 . Fig- 2. 
The insert orientation in pCEP4-hPOMC-030 and -031 was 
confirmed by BaraHI, NotI, Sail and Notl/Sall 
5 restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

The BamHI-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the BamHI-XhoI digested 

10 pcDNA3 resulting in the sense orientation clone named 
. as pcDNA3-hPOMC-034. Fig* 2. . The Notl-Hindlll IgSP- 
hPOMC fragment from pBS-IgSP-hPOMC-028 was ligated with 
the Notl-Hindlll digested pcDNA3 resulting in the anti- 
sense orientation clone named as pcDNA3-hPOMC-035 . 

is Fig. 2. Restriction digestion using Smal, BamHI/ 

EcoRI/ and BamHI /EcoRI was used to confirm the insert 
orientation in pcDNA3-hPOMC-034, whereas Hindlll/ NotI 
and Sail were used for pcDNA3-hPOMC-035 . 

Construction of ACTH Deleted IgSP-POMC 

20 The ACTH coding region in the POMC gene in 

pBS-IgSP-hPOMC-028 was deleted. pBS-IgSP-hPOMC-028 was 
first digested with Xmai restriction enzyme and treated 
with pfu DNA polymerase (Promega, Madison, WI) . The 
Xmal-pfu DNA polymerase treated pBS-IgSP-hPOMC-028 was 

25 then digested with StuI restriction enzyme and purified 
from 1% SeaPlaque agarose using the FMC SpinBind DNA 
purification kit (BMC BioProducts, Rockland, ME). The 
self-ligation mixture was transformed into E. coli DH5a 
(Gibco BRL, Gaithersburg, MD) . Positive sub-clones 

30 were identified by BamHI/Hindlll restriction digestion 
and named as pBS-IgSP-hPOMCAACTH-029 . See Fig. 1. The 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 31 - 

nucleotide sequence of the ACTH deletion region in pBS- 
IgSP-hPOMC-AACTH-029 was confirmed by the 
dideoxynucleotide sequence determination. The sequence 
of the IgSP-hPOMC-AACTH fusion is shown in SEQ ID 
5 NO: 4. 

Construction of ACTH Deleted IgSP-POMC 
Expression Vectors 

The IgSP-hPOMC-AACTH DNA fragment in pBS- 
IgSP-hPOMC-AACTH-029 was subcloned into pdDNA3 

10 (Invitrogen Corp., San Diego, CA) and pCEP4 (Invitrogen 
Corp., San Diego, CA) in sense and anti-sense 
orientations. The Notl-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the 
Notl-Xhol digested pCEP4 resulting in the sense 

15 orientation clone named as pCEP4-hPOMC-AACTH-032 

(Fig. 3) . The BamHI-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the 
BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-AACTH-033 

20 (Fig. 3). The insert orientation in pCEP4-hP0MC-AACTH- 
032 and -033 was confirmed by BamHI and EcoRI 
restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

25 The BamHI-Sall IgSP-hPOMC-AACTH fragment from 

pBS-IgSP-hPOMC-AACTH-029 was ligated with the BamHI- 
Xhol digested pcDNA3 resulting in the sense orientation 
clone named as pcDNA3-hPOMAACTH-036 (Fig. 3). The 
Notl-Hindlll IgSP-hPOMC-AACTH fragment from pBS-IgSP- 

30 hPOMC-AACTH-029 was ligated with the Notl-Hindlll 
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digested pcDNA3 resulting in the anti-sense orientation 
clone named as pcDNA3-hPOMC-AACTH-037 (Fig. 3). 

Restriction digestion using PvuII and EcoRI 
was used to confirm the insert orientation in pcDNA3- 
5 hPOMC-AACTH-036, whereas Sail and EcoRI were used for 
pcDNA3-hPOMC-AACTH-037 . 

Cloning of Full Length and Truncated TH cDNA 

Total RNA from PC12 cells was prepared using 
the guanidinium thiocyanate-based TRI reagent 

10 (Molecular Research Center, Inc., Cincinnati, OH). 
Five hundred ng of PC12 total RNA was reverse 
transcribed at 42°C for 30 minutes in a 20yl reaction 
volume containing 10 mM Tris.HCl (pH 8.3), 50 mM KC1, 
4 mM of each dNTP, 5 mM MgCl 2 / 1.25 pM oligo (dT) 15- 

15 mer, 1.25 pM random hexamers, 31 units of RNase Guard 
RNase Inhibitor (Pharmacia, Sweden) and 200 units of 
Superscript II reverse transcriptase (Gibco BRL, 
Gaithersburg, MD) . Two micro-liters of the above 
reverse transcribed cDNA was added to a 25 ul PCR 

20 reaction mixture containing 10 mM Tris.HCl (pH 8.3), 
50 mM KC1, 800 of each nM dNTP, 2 mM MgC12, 400 nM of 
primers #1 and #2, and 2.5 units of Tftermus aquatiCUS 
(Taq) DNA polymerase (Boehringer Mannheim, Germany) . 
To generate the full length TH cDNA, 

25 oligonucleotide primers orTH-052 (SEQ ID NO: 5) and 
orTH-053 (SEQ ID NO: 6) were used. For the truncated 
TH, primers orTH-054 (SEQ ID NO: 7) and orTH-053 (SEQ 
ID NO: 6) were used instead. These oligonucleotides 
were constructed based on published TH sequence 

30 information in Grima et al . , Nature, 326, pp. 707-11 
(1987); US patent 5, 300,436, and PaubneC/ SUPtra- 
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Primers orTH-052 (SEQ ID NO: 5) and orTH-054 
(SEQ ID NO: 7) have synthetic Hindi I I restriction site, 
at the 5' end where orTH-053 has BamHI at the 5' end. 
The PGR reaction mixtures were subject to 30 
5 amplification cycles consisted of: denaturation, 94°C 
30 seconds (first cycle 2 minutes); annealing, 50°C 1 
minute; and extension, 72°C 3.5 minutes (last cycle 5 
minutes). The 1537 bp full length and 1087 bp 
truncated rat TH PGR fragments were digested with 

10 restriction endonucleases BamHI and Hindi I I and 

resolved on an 1% SeaPlaque agarose gel. The 1531-bp 
and 1081-bp Hindlll/BamHI DNA fragments were excised 
and purified using the FMC SpinBind DNA purification 
kit (FMC BioProducts, Rockland, ME) . 

15 pcDNA3 expression vector was also digested 

with BamHI and Hindlll and purified from 1% SeaPlaque 
agarose using the FMC SpinBind DNA purification kit 
(FMC BioProducts, Rockland, ME) . The ligation mixture 
was transformed into E.coli DH5a (Gibco BRL, 

20 Gaithersburg, MD) . 

Cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) was used to screen out the 
positive sub-clones. The identity of the correct 
clones was further verified by BamHI/Hindlll double 

25 digestion. 

The positive sub-clones for the full-length 
and truncated rat TH in pcDNA3 were named as pcDNA3- 
rTH-044 (Fig. 4) and pcDNA3-rTHA-045 (Fig. 4), 
respectively. The nucleotide sequence of both full- 
30 length and truncated rat TH PCR clones was determined 
by the dideoxynucleotide sequence determination using 
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the Seguenase kit (USBC, Cleveland) . The sequence of 
the rTHA construct is shown in SEQ ID NO: 16 • 

To optimize the translation efficiency of the 
truncated rat TH, oligonucleotide primer orTH-078 (SEQ 
5 ID NO: 8) was designed so that the consensus Kozak 

sequence is immediate up stream to the start codon ATG. 
pcDNA3-rTHA-45 was used as the template in a 50 jxl PCR 
reaction mixture with reagent composition identical to 
the one described above with the exception that the 

10 oligonucleotide primers were replaced with orTH-078 
(SEQ ID NO: 8) and orTH-053 (SEQ ID NO: 6), The 1097 
bp PCR product was cloned into pcDNA3 in the same 
manner as described above. The resulting sub-clone was 
named pcDNA3-rTHAKS-75 (Fig 4) . The sequence of the 

15 rTHAKS construct is shown in SEQ ID NO: 17. 

Construction of rTH-IRES-bDBH Fusion Gene 

Recombinant PCR methodology was used to 
generate the rTH-IRES-bDBH fusion gene. 

Oligonucleotides oIRES-057 (SEQ ID NO: 9) and obDBH-065 
20 (SEQ ID NO: 10) are specific for IRES and bDBH gene 
sequences, respectively, and contain synthetic BamHI 
and NotI restriction sites at the 5' end, respectively. 
Oligonucleotides oIRES-bDBH-064 (SEQ ID NO: 11) and 
oIRES-bDBH-066 (SEQ ID NO: 12) are complementary to 
25 each other. Furthermore, oligonucleotide primer oIRES- 
bDBH-064 (SEQ ID NO: 11) has its 5 f 16 nucleotides 
identical to the IRES sequence and its 3' 18 
nucleotides identical to the bDBH sequence; and vice 
versa for oIRES-bDBH-066 (SEQ ID NO: 12) . 
30 Two first PCR reactions were carried out 

using oligonucleotide pairs oIRES-057/oIRES-bDBH-066 
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and oIRES-bDBH-064/obDBH-065 on templates pCTI-001 
(with an insert containing the IRES sequence shown in 
SEQ ID NO: 30) and pBS-bDBH-006 (containing the bovine 
DBH gene cloned from bovine adrenal chromaffin cells, 
5 Lamoroux et al., EMBO J. , 6, pp. 3931-37 (1987)) 

plasmids, respectively. One hundred ng of template DNA 
was "added to a 50 ial PCR reaction mixture containing 
10 mM Tris.HCl (pH 8.3), 50 mM KC1, 800 of each nM 
dNTP, 2 mM MgC12, 400 nM of primers #1 and #2, and 2.5 

10 units of Thermus aquaticus (Taq) DNA polymerase 
(Boehringer Mannheim, German) . 

The PCR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 

is 50 °C 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . The PCR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PCR products were 
transfer to a tube containing 50 pi of PCR reaction 

20 mixtures identical to the one described above with the 
exception that the oligonucleotides oIRES-057 and 
obDBH-065 were used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 

25 for 30 seconds (first cycle 2 minutes); annealing, 
60 °C 30 seconds (second to fourth cycles 37 °C 2 
minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) . The 2407 bp IRES-bDBH fusion PCR product and 
the cloning vector pcDNA3-rTHA-45 were digested with 

30 BamHI and NotI restriction enzymes and subsequently 
purified from 1% SeaPlaque agarose gel using the FMC 



SUBSTITUTE SHEET (ROLE 26) 



WO 96/40959 



PCT/US96/09629 



- 36 - 

SpinBind DNA purification kit (FMC BioProducts, 
Rockland/ ME) . 

The ligation of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHA-045/BamHI/NotI would generate a rTHA-IRES- 
5 bDBH expression vector named as pcDNA3-rTHA-IRES-bDBH- 
066 (Fig. 5) whereas that of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHAKS-075/BamHI/NotI would generate a rTHAKS- 
IRES-bDBH expression vector, named as p c DNA3 - r T H AKS - 
IRES-bDBH-076 (Fig, 5), where the start codon ATG in 

io rTHA is preceded with a consensus Kozak sequence- The 
sequence of the rTHA- IRES -bDBH construct is shown in 
SEQ ID NO: 18. The sequence of the rTHAKS- IRES-bDBH 
construct is shown in SEQ ID NO: 19. The ligation 
mixture was transformed into DH5a (Gibco BRL, 

is Gaithersburg, MD) . The positive clones were identified 
by the cracking gel procedure (Promega, Madison, WI) 
and restriction digestions using Hindlll, BamHI, 
Hindlll/BamHI, Smal and Notl. 

The 4114 bp Nrul-Xhol fragment containing the ^ 

20 CMV promoter-rTHAKS- IRES-bDBH was excised out of 

pcDNA3-rTHAKS- IRES-bDBH- 07 6 and subcloned into pZeoSV 
cloning vector (Invitrogen Corp., San Diego, CA) 
digested with Seal and Xhol in the multiple cloning 
site. The resulting expression vector was named as 

25 pZeo-Pcmv-rTHAKS-IRES-bDBH-088 (Fig. 6). 

Construction of IgSP-hPOMC ACTH- 
r THD - I RE S -bDBH Fusion Gene 

The 4100 bp NruI-NotI fragment containing the 
CMV promoter, rTHD-IRES-bDBH fusion gene, and BGH 
30 polyadenylation sequence was excised out of pcDNA3- 
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r THA- IRES -bDBH- 066 and subcloned into the pBS 

(Stratagene, La Jolla, CA) cloning vector. . 

The resulting plasmid pBS-Pcmv-rTHA-IRES- 

bDBH-067 (Fig. 7) was used as the intermediary 
5 construct to which the recombinant PCR IgSP-hPOMCDACTH- 

IRES fragment would be inserted. 

Oligonucleotide oIgSP-068 (SEQ ID NO: 13), 

containing a synthetic EcoRV restriction site, is 

specific for the IgSP sequence. 
10 Oligonucleotide primer orTHA-073 (SEQ ID.. 

NO: 14) is specific for the rTHA sequence and contains 

an endogenous Smal restriction site. 

Oligonucleotide primers ohPOMC-IRES-069 (SEQ 

ID NO: 15) and ohPOMC-IRES-070 (SEQ ID NO: 20) are 
is complementary to each other. Furthermore, 

oligonucleotide primer ohPOMC- IRES- 069 has its 5', 18 

nucleotides identical to the hPOMC sequence and its 3' 

12 nucleotides identical to the IRES sequence; and vice 

versa for ohPOMC-IRES-070 . 
20 Oligonucleotide primers oIRES-rTHA-071 (SEQ 

ID NO: 21) and oRIRES-rTHA-072 (SEQ ID NO: 22) are 

complementary to each other. In addition, 

oligonucleotide primer oIRES-rTHA-071 has its 5 1 15 

nucleotides identical to the rTHA sequence and its 3' 
25 18 nucleotide identical to the IRES sequence; and vice 

versa for oRIRES-rTHA-072 . 

Three sets of first PCR reactions were 

carried out. 

PCR reaction A: template pBS-IgSP-hPOMCDACTH-029, 
30 oligonucleotides oTgSP-068/ohPOMC-IRES-069; 
PCR reaction B: template pCTI-001, 
oligonucleotides ohPOMC-IRES-070/oIRES-rTHA-071; and 
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PCR reaction C: template pcDNA3-rTHA-045, 
oligonucleotides orIRES-rTHA-072/orTHA-073 . 

The three sets of first PCR reactions were 
carried in 50 pi PCR reaction mixture containing 100 ng 
5 of template DNA, 10 mM Tris. HC1 (pH 8.3), 50 mM KCl, 
800 of each nM dNTP, 2 mM MgC123, 400nM of primers #1 
and #2, and 2.5 units of Thermus aquatlCUS (Taq) DNA 
polymerase (Boehringer Mannheim, Germany) . 

The PCR reaction mixtures were subject to 30 
10 amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes) ; annealing, 
50 °C 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . 

The PCR products were resolved on 1% 
15 TrivieGel 500 (TrivieGen) . Two agarose plugs 

containing each one of the PCR products from PCR 
reactions B and C were transferred to a tube containing 
50 ul of PCR reaction mixtures . identical to the one 
described above with the exception that the 
20 oligonucleotides ohPOMC-IRES-070 and orTHA-073 were 
used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 
25 60 °C 30 seconds (second to fourth cycles 37 °C 2 

minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) . 

The PCR products were treated as described 
above. Agarose plugs containing the PCR products from 
30 the second PCR reaction and the PCR reaction A were 
combined and subjected to a third PCR amplification 
using o!gSP-068/rTHA-073 . The 1203 bp IgSP-hPOMC-IRES- 
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rTHA fusion PCR product and the cloning vector pBS- 
Pcmv-rTHA-IRES-bDBH-067 were digested with EcoRV and 
Xmal restriction enzymes and subsequently purified from 
1% SeaPlaque agarose gel using y the FWC SpinBind DNA 
5 purification kit (FMC BioProducts, Rockland, ME) . The 
ligation mixture was transformed into DH5a (Gibco BRL, 
Gaithersburg, MD) . 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
10 restriction digestions using EcoRI, Kpnl and Not I- The 
resulting clone was named as pBS-IgSP-hPOMCAACTH-IRES- . 
rTHA-IRES-bDBH-068. Fig. 8. The sequence of this 
construct is shown in SEQ ID NO: 23, 

Construction of IgSP-hPOMCACTH-IRES- 
15 rTHA-IRES-bDBH Expression Vectors 

The 44 91 bp NotI fragment containing the 
IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH gene was excised 
out Of the pBS-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 
and subcloned into the pcDNA3 (Invitrogen Corp., San 
20 Diego, CA) at the Not! site in the multiple cloning 
site. Restriction digestion using NotI and Smal 
confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCAACTH-IRES-rTH^-IRES-bDBH-069. See 

25 Fig. 9. 

Construction of IgSP-hPOMCAACTH-IRES-rTHA-IRES- 
bDBH-IRES-Zeocine Expression Vector 

Recombinant PCR methodology was used to 
generate the IRES-Zeocine fusion gene. 
30 Oligonucleotides oIRES-074 (SEQ ID NO: 24) and oZeocin- 
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077 (SEQ ID NO: 25) are specific for IRES and Zeocin 
gene sequences, respectively, and contain synthetic 
NotI and Xhol restriction sites at the 5 1 end, 
respectively. Oligonucleotides oIRES-Zeocin-075 (SEQ 
5 ID NO: 26) and oIRES-Zeocin-076 (SEQ ID NO: 27) are 
complementary to each other* Furthermore, 
oligonucleotide oIRES-Zeocin-075 has its 5 '15 
nucleotides identical to the Zeocin sequence and its 3' 
18 nucleotides identical to the IRES sequence; and vice 

10 versa for oIRES-Zeocin-076. 

Two first PCR reactions were carried out .' 
using oligonucleotide pairs oIRES-074/oIRES-Zeocin-075 
and oIRES-Zeocin-076/oZeocin-075 on templates pCTI-001 
and pZeoSV (Invitrogen Corp., San Diego, CA) plasmids, 

15 respectively. 

One hundred ng of template DNA was added to a 
50 ul PCR reaction mixture containing lOmM Tris.HCl (pH 
8.3), 50 mM KC1, 800 of each nM dNTP, 2 roM MgC12, 400 
nM of primers #1 and #2, and .2.5 units of Therwus 

20 aguaticus (Taq) DNA polymerase (Boehringer Mannheim, 
Germany) . 

The PCR reaction mixtures were subject to 30 
amplification cycles consisted of: dehaturatioh, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 

25 50 °C 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . 

The PCR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PCR products were 

30 transfer to a tube containing 50 ul of PCR reaction 
mixtures identical to the one described above with the 
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exception that the oligonucleotides oIRES-074 and 
oZeocin-077 were used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
5 for 30 seconds (first cycle 2 minutes); annealing, 
50 °C 30 seconds (second to fourth cycles 37 °C 2 
minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) . 

The 974 bp IRES-Zeocin fusion PCR product and 
10 the cloning vector pcDNA3 were digested with Not I and' 
Xhol restriction enzymes and subsequently purified. from 
1% SeaPlaque agarose gel using the FHC SpinBind DNA 
purification kit (FMC BioProducts, Rockland, ME) . 

The ligation of IRES-Zeocin/Notl/XhoI and 
is pcDNA3/NotI/XhoI would generate an intermediate cloning 
vector named as pcDNA3-IRES-Zeocin-072 . Fig. 10. 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
restriction digestions using Hindlll, Smal, Xhol, NotI 
20 and Notl/Xhol. 

To generate the final IgSP-hPOMCDACTH-IRES- 
rTHD-IRES-bDBH-IRES-Zeocine Expression Vector, a 4491 
bp NotI fragment containing the IgSP-hPOMCAACTH-IRES- 
rTHA- IRES-bDBH gene was excised out of the pBS-IgSP- 
25 hPOMCAACTH- IRES- rTHA-IRES-bDBH- 068 (Fig. 8; SEQ ID 

NO: 23) and subcloned in to the pcDNA3-IRES-Zeocin-072 
(Fig. 10) at the NotI site in the multiple cloning 
site. 

Restriction digestion using NotI and Smal 
30 confirmed that the I gSP-hPOMCAACTH- IRES- rTHA- IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin- 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 42 - 

073. The sequence of this construct is shown in SEQ ID 
NO: 28. Fig. 11. 

Construction of ProA+KS Fusion 

A construct containing the coding region of 
5 the human pro-enkephalin A gene with the consensus 

Kozak sequence immediately upstream to the start codon 
ATG. The sequence of this construct is shown in SEQ ID 
NO: 29. 

Construction of hProA+KS Expression Vector 

io The Hindlll/BamHI fragment containing the 

hProA+KS fusion was ligated into BamHI and Hind III 
digested pcDNA3 expression vector substantially as 
described above. After screening as described above, a 
positive sub-clone was named pcDNA3-hProA+KS-091 . 

15 Fig. 12. Construction of the pBS-CMV Pro A vector is 
detailed in Mothis, J. and Lindberg, I., EntiocrinplpqV/ 
131, pp. 2287-96 (1992) . 

Transformation of Cells 

RIN and AtT-20 cells were transformed as 

20 follows. 

The RINa and AtT-20 based cell lines were 
grown in DMEM (Gibco) with 10% fetal bovine serum and 
pen-strep- fungi zone (Gibco) base media. The cells were 
plated out in PlOO petri dishes (750,000 cells/dish) in 
25 10 ml of base media. 18-24 hours later, the cells were 
transfected using calcium phosphate method with a kit 
made by Stratagene (San Diego, CA) . A 10 yg amount of 
the plasmid vector DNA was diluted in 450 ul of 
deionized sterile water. Then, 50 ul of a lOx buffer 
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(solution #1) was added to the plasmid DNA. A 500 ul 
amount of solution #2 was immediately added to the DNA 
containing solution and mixed gently. This was 
incubated at room temperature for 20 minutes and then 
5 the 1.0 ml solution was added to the cells in the petri 
dish. The cells were incubated overnight and 18-24 
hours later the cells were washed 2x with Hanks 
balanced salt solution without calcium and magnesium. 
Then, the cells were cultured in base media + selection 

10 drugs. The cells were selected in either 600 ug/ml 
geneticin (Gibco) or 400 ug/ml hygromycin (Boehringer 
Mannheim) or 500 ug/ml Zeocin (In Vitrogen, San Diego, 
CA) . Cells were sequentially transfected and selected 
to obtain the final cell line. 

15 The RINa cells were transfected with plasmid 

pCEP4-hP0MO030 containing the POMC gene. This is a 
hygromycin resistant vector. The cells were also 
transformed with plasmid pcDNA3-hProA+KS-091 . This is 
a geneticin resistant vector. Finally, the cells were 

20 transfected with plasmid pZeo-PCMV-rTHAKS-IRES-bDBH-088 
which conferred Zeocin resistance. 

The AtT-20 cells were transfected with 
plasmid pBS-CMV-ProA and pCEP4-POMC-AACTH-32 which 
conferred geneticin and hygromycin resistance, 

25 respectively. Finally, the cells were transfected with 
plasmid pZeo-Pcmv-rTHAKS-IRES-bDBH-088 . 

We have tested a number of media for cell 
growth. Surprisingly we have found that in certain 
serum-free medias, the above cell lines have enhanced 

30 neurotransmitter output, compared to serum-containing 
media. We prefer CHO-Ultra (Biowhitaker) for the 
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growth of AtT-20 cells, and Ultra-Culture (Biowhitaker ) 
for the growth of RINa cells. 

Output of various analgesics from one 
transformed RINa cell line {RINa/ProA/P030/P088 ) is 
5 shown in Table 2. All values represent unstimulated 
cells. Output of JJ-endorphin and met-enkephalin is in 
pg/10 6 cells/hr. fi-endorphin and met-enkephalin were 
measured by radioimmunoassay using Incstar kits 
(Stillwater/ Minnesota) . Catecholamine output is in 

10 pmoles/10 6 cells/hr. The numbers in parentheses 

represent values from cells that were preincubated 18" 
hours with 100 yM tetrahydrobiopterin. Catecholamines 
were measured by high performance liquid chromatography 
as described in Lavoie et al., "Two PC12 

15 pheochromocytoma lines sealed in hollow fiber-based 
capsules tonically release 1-dopa in vitro", Cell 
transplantation . 2, pp. 163-73 (1993). GABA output 
from these RINa cells was 28 ng/10 6 cells/hrs. 

Tabie 2 

20 Cell Line Endogenous P^ndorph'H Mej-enk OA E 

Analgesic 
gUbstapftes 

RINa/ProA/ p-endorphin 22 17 3 0 

POMC/ GABA (6) (2) 

25 TH-IRES-DPH 

There are encrypted enkephalin fragments which are not 
fully processed from the pro-enkephalin precursor 
molecule. These encrypted enkephalins have opioid 
receptor binding activity. We digested these encrypted 
30 enkephalins to measure opioid activity. The trypsin 
digest protocol is as follows. A 2 ug/ral trypsin 
(Worthington #34E470) solution is added to media 
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samples on ice. Samples are vortexed, then incubated 
for 20 minutes in a 37°C waterbath. After the 20 
minute digest, samples are returned to ice and 100 
ng/ml carboxypeptidase B (Sigma #07011) is added. 
5 Samples are mixed by vortexing, and returned to the 
37°C waterbath for 15 minutes. Samples are placed on 
ice once more and 10 ug/ml trypsin inhibitor is added. 
At this stage, samples are either extracted for met- 
enkephalin or immediately frozen for future extraction. 

10 This results in the full enzymatic cleavage to free all 
met-enkaphalin from' the longer encrypted fragments'. A 
met-enkaphalin radioimmunoassay of the digested sample 
gives total met-enkaphalin from the superraatant. The 
transformed RINa cells appear to have greater than 5 

is fold more encrypted enkaphalins compared to fully 
processed met-enkaphalin. 

Fiber capsule formation and characteristics 

Hollow fibers are spun from a 12. 5-13. 51 
poly (acrylonitrile vinylchloride) solution by a wet 

20 spinning technique. Cabasso, Hollow Fiber Membranes/ 
vol. 12, Kirk-Othmg r Encyclopedia of Chemical 
Technology , Wiley, New York, 3rd Ed. pp. 492-517 
(1980), Unites States patent 5,158,881, incorporated 
herein by reference. 

25 The resulting membrane fibers may either be 

double skinned or single skinned PAN/PVC fibers. In 
order to make implantable capsules, lengths of fiber 
are first cut into 5 cm long segments and the distal 
extremity of each segment sealed with an acrylic glue. 

30 Encapsulation hub assemblies are prepared by providing 
lengths of the membrane described above, sealing one 
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end of the fiber with a single drop of LCM 24 (Light 
curable acrylate glue, available from ICI), curing the 
glue with blue light, and repeating the step with a 
second drop. The opposite end is previously attached 
5 to a frangible necked hub assembly, having a silicone 
septum through which the cell solution may be 
introduced. The fiber is glued to the hub assembly by 
applying LCM 22 to the outer diameter of the hub 
assembly, pulling the fiber up over it, and curing with 

10 blue light. The hub/fiber assemblies are placed in" 
sterilization bags and are ETO sterilized. 

Following sterilization with ethylene oxide 
and outgassing, the fibers are deglycerinated by 
ultrafiltering first 70% EtOH, and then HEPES buffered 

15 saline solution through the walls of the fiber under 
vacuum. 

Preparation a n d Encapsulation of Transformed Cel l s 

The transformed cells are prepared and 
encapsulated as follows: 

20 A matrix solution is prepared using a 

commercially available alginate, collagen or other 
suitable matrix material. The cell solution was 
diluted in the ratio of two parts matrix solution to 
one part cell solution containing the transformed cells 

25 described above. We prefer Vitrogen (Celtix, Santa 
Clara) as a matrix for AtT-20 cells. 

We prefer Organogen (Organogenesis, Canton, 
MA) as a matrix for RINa cells. The RINa based cells 
are prepared for encapsulation by the following method. 

30 The cells are grown in base media of DMEM + 10% fetal 
bovine serum during the proliferation phase. These 
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cells can be removed from the tissue culture flasks by 
two washes in Hanks balanced salt solution without 
calcium and magnesium. Then the cells are incubated in 
0.25% trypsin + EDTA for 1 minute. This is removed and 
5 the cells are rinsed free of the flask using Hanks 
balanced salt solution without calcium and magnesium 
solution. The cells are placed in 10 mis of base media 
and centrifuged at 100 x g for 2 minutes. The cells 
are resuspended in 10 mis of the preferred serum free 

10 media (Ultra culture/ Biowhitaker, Walkersville, MD) . 
Surprisingly, the RINa cells secrete more analgesic , 
substances when cultured in this serum free media . 
relative to serum continuing base media. 

The cells are centrifuged at 100 g twice in 

15 the preferred serum free media before the cells are 
concentrated 1:1 with the preferred Organogen matrix. 
Organogen is a 1% bovine tendon collagen obtained as a 
sterile solution. 8 parts of this solution are mixed 
with 1 part 10X DPBS. 0.5 N sodium hydroxide is added 

20 until physiological pH is attained (approximately 
250 ills) . 

The final concentration of the cell + matrix 
solution used for encapsulation can range from 20,000 - 
50,000 cells/ul. The cells are counted in a standard 
25 manner on a hemocytometer . 

The cell/matrix suspension is placed in a 
1 ml syringe. A Hamilton 1800 Series 50 microliter 
syringe is set for a 15 microliter air bubble, is 
inserted into a 1 ml syringe containing the cell 
30 solution and 30 microliters are drawn up. The cell 
solution is injected through the silicone seal of the 
hub/fiber assembly into the lumen of a modacrylic 
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hollow fiber membrane with a molecular weight cutoff of 
approximately 50,000-100,000 daltons. Ultrafiltration 
should be observed along the entire length of the 
fiber. After one minute, the hub is snapped off the 
5 sub-hub, exposing a fresh surface, unwet by cell 

solution. A single drop of LCM 24 is applied and the 
adhesive cured with blue light. The device is placed 
first in HEPES buffered NaCl solution and then in CaCl 2 
solution for five minutes to cross-link the alginate. 

10 Each implant is about 5 cm long, 1 mm in diameter, and' 
contained approximately 2.5 million cells. 

After the devices are filled and sealed/ a 
silicone tether (Speciality Silcone Fabrication, Paso 
Robles, CA) (ID: 0.69, OD: 1.25) is then placed over 

15 the proximal end of the fiber. A radiopaque titanium 
plug is inserted in the lumen of the silicone tether to 
act as a radiographic marker. The devices are then 
placed in 100 mm tissue culture dishes in 1.5 ml PC-1 
medium, and stored at 37°C, in a 5% CO : incubator for 

20 in vitro analysis and for storage until implantation. 

The encapsulated cells are then implanted 
into the human sub-arachnoid space as follows: 

Surgical Procedure 

After establishing IV access and 
25 administering prophylactic antibiotics (cefazolin 

sodium, 1 gram IV) , the patient is positioned on the 
operating table, generally in either the lateral 
decubitus or genu-pectoral position, with the lumbar 
spine flexed anteriorly. The operative field is 
30 sterily prepared and draped exposing the midline dorsal 
lumbar region from the levels of S-l to L-l, and 
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allowing for intraoperative imaging of the lumbar spine 
with C-arm fluoroscopy. Local infiltration with 1.0%. 
lidocaine is used to establish anesthesia of the skin 
as well as the periosteum and other deep connective 
5 tissue structures down to and including the ligamentum 
flavum. 

A 3-5 cm skin incision is made in the 
parasagital plane 1-2 cm to the right or left of the 
midline and is continued down to the lumbodorsal 

10 fascia using electrocautery for hemostasis. Using, 
traditional bony landmarks including the iliac -crests 
and the lumbar spinous processes, as well as 
fluoroscopic guidance, and 18 gauge Touhy needle is 
introduced into the subarachnoid space between L-3 and 

15 L-4 via an oblique paramedian approach. The needle is 
directed so that it enters the space at a shallow, 
superiorly directed angle that is no greater than 30- 
35° with respect to the spinal cord in either the 
sagittal or transverse plane. Appropriate position of 

20 the tip of the needle is confirmed by withdrawal of 
several ml of cerebrospinal fluid (CSF) for 
preimplantation catecholamine, enkephalin, glucose, and 
protein levels and cell counts. 

The Touhy needle hub is reexamined to confirm 

25 that the opening at the tip is oriented superiorly 

(opening direction is marked by the indexing notch for 
the obturator on the needle hub) , and the guide wire is 
passed down the lumen of the needle until it extends 4- 
5 cm into the subarachnoid space (determined by 

30 premeasuring) . Care is taken during passage of the 

wire that there is not resistance to advancement of the 
wire out of the needle and that the patient does not 
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complain of significant neurogenic symptoms/ either of 
which observations might indicate misdirection of the 
guide wire and possible impending nerve root or spinal 
cord injury • 
5 After the guide wire appears to be 

appropriately placed in the subarachnoid space, the 
Touhy needle is separately withdrawn and removed from 
the wire. The position of the wire in the midline of 
the spinal canal, anterior to the expected location of 

10 the caud equina, and without kinks or unexplainable 
bends is then confirmed with fluoroscopy. After 
removal of the Touhy needle the guide wire should be 
able to be moved freely into and out of the space with 
only very slight resistance due to the rough surface of 

15 the wire running through the dense and fibrous 
ligamentum flavum. 

The 7 French dilator is then placed over the 
guide wire and the wire is used to direct the dilator 
as it is gently but firmly pushed through the fascia, 

20 paraspinous muscle, and ligamentum flavum, following 
the track of the wire toward the subarachnoid space. 
Advancement of the 7 French dilator is stopped and the 
dilator removed from the wire as soon as a loss of 
resistance is detected after passing the ligamentum 

25 flavum. This is done in order to avoid advancing and 
manipulating this relatively rigid dilator within the 
subarachnoid space to any significant degree. 

After the wire track is "overdilated" by the 
7 French dilator, the 6 French dilator and cannula 

30 sheath are assembled and placed over the guide wire. 

The 6 French dilator and cannula are advanced carefully 
into the subarachnoid space until the opening tip of 
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the cannula is positioned 7 cm within the space. As 
with the 7 French dilator, the assembled 6 French 
dilator and cannula are directed by the wire within the 
lumen of the dilator. Position within the subarachnoid 
5 space is determined by premeasuring the device and is 
grossly confirmed by fluoroscopy. Great care is taken 
with manipulation of the dilators and cannula within 
the subarachnoid space to avoid misdirection and 
possible neurologic injury. 

io When appropriate positioning of the cannula' 

is assured, the guide wire and the 6 French dilator are 
gently removed from the lumen of the cannula in 
sequence. Depending on the patient's position on the 
operating table, CSF flow through the cannula at this 

15 point should be noticeable and may be very brisk, 

requiring capping the cannula or very prompt placement 
of the capsule implant in order to prevent excessive 
CSF. 

The encapsulated (transformed cells) is 
20 provided in a sterile, double envelope container, 
bathed in transport medium, and fully assembled 
including a tubular silicone tether. Prior to 
implantation through the cannula and into the 
subarachnoid space, the capsule is transferred to the 
25 insertion kit tray where it is positioned in a location 
that allowed the capsule to be maintained in transport 
medium while it is grossly examined for damage or major 
defects, and while the silicone tether is trimmed, 
adjusting its length to the pusher and removing the 
30 hemaclip™ that plugs its external end. 

The tether portion of the capsule is mounted 
onto the stainless steel pusher by inserting the small 
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diameter wire portion of the pusher as the membrane 
portion of the device is carefully introduced into the 
cannula. The capsule is advanced until the tip of the 
membrane reaches a point that is 2-10 mm within the 
5 cranial tip of the cannula in the subarachnoid space. 
This placement is achieved by premeasuring the cannula 
and the capsule-tether-pusher assembly, and it assures 
that the membrane portion of the capsule is protected 
by the cannula for the entire time that it is being 

10 advanced into position. 

After the capsule is positioned within the 
cannula, the pusher is used to hold the capsule in 
position (without advancing or withdrawing) in the 
subarachnoid space while the cannula is completely 

15 withdrawn from over the capsule and pusher. The pusher 
is then removed from the capsule by sliding its wire 
portion out of the silicone tether. Using this method 
the final placement of the capsule is such that the 5 
cm long membrane portion of the device lay entirely 

20 within the CSF containing subarachnoid space ventral to 
the cauda equina. It is anchored at its caudal end by 
a roughly 1-2 cm length of silicone tether that runs 
within the subarachnoid space before the tether exits 
through the dura and ligamentum f lavum. The tether 

25 continues externally from this level through the 
paraspinous muscle and emerges from the lumbodorsal 
fascia leaving generally 10-12 cm of free tether 
material that is available for securing the device. 

CSF leakage is minimized by injecting fibrin 

30 glue (Tissel®) into the track occupied by the tether in 
the paraspinous muscle, and by firmly closing the 
superficial fascial opening of the track with a purse- 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 PCT/US96/09629 



- 53 - 

string suture. The free end of the tether is then 
anchored with non-absorbable suture and completely 
covered with a 2 layer closure of the skin and 
subcutaneous tissue. 
5 The patient is then transferred to the 

neurosurgical recovery area and kept at strict bed 
rest/ recumbent^ for 24 hours postoperatively. 
Antibiotic prophylaxis is also continued for 24 hours 
following the implantation procedure. 

10 Sequences 



The following is a summary of the sequences 





set 


forth in 


the Sequence Listing: 




SEQ 


ID 


NO:l - 




DNA sequence of oligo oCNTF-003 




SEQ 


ID 


NO: 2 - 




DNA sequence of oligo oIgSP-018 


15 


SEQ 


ID 


NO: 3 - 




DNA sequence of IgSP-hPOMC fusion 




SEQ 


ID 


NO: 4 - 




DNA sequence of IgSP-hPOMC-AACTH fusion 




SEQ 


ID 


NO: 5 - 




DNA sequence of oligo orTH-052 




SEQ 


ID 


NO: 6 - 




DNA sequence of oligo orTH-053 




SEQ 


ID 


NO:7 - 




DNA sequence of oligo orTH-054 


20 


SEQ 


ID 


NO: 8 - 




DNA sequence of oligo orTH-078 




SEQ 


ID 


NO: 9 - 




DNA sequence of oligo oIRES-057 




SEQ 


ID 


NO: 10 




- DNA sequence 


of 


oligo obDBH-065 




SEQ 


ID 


NO: 11 




- DNA sequence 


of 


oligo oIRES-bDBH-064 




SEQ 


ID 


NO: 12 




- DNA sequence 


of 


oligo oIRES-bDBH-066 


25 


SEQ 


ID 


NO: 13 




- DNA sequence 


of 


oligo oIRE-068 




SEQ 


ID 


NO: 14 




- DNA sequence 


of 


oligo orTHA-073 




SEQ 


ID 


NO: 15 




- DNA sequence 


of 


oligo ohPOMC- IRES- 069 




SEQ 


ID 


NO: 16 




- DNA sequence 


of 


rTHAl-155 




SEQ 


ID 


NO: 17 




- DNA sequence 


of 


rTHA+KS 


30 


SEQ 


ID 


NO: 18 




- DNA sequence 


of 


rTHA-IRES-bDBH 




SEQ 


ID 


NO: 19 




- DNA sequence 


of 


rTHAKS- IRES-bDBH 
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5 



SEQ 


ID 


NO: 20 




DNA 


sequence 


of oligo ohPOMC-IRES-070 


SEQ 


ID 


N0:21 




DNA 


sequence 


of oligo oIRES-rTHA-071 


SEQ 


ID 


NO: 22 




DNA 


sequence 


of oligo orIRES-rTHA-072 


SEQ 


ID 


NO: 23 




DNA 


sequence 


of IgSP-hPOMCAACTH-IRES- 










r THA- IRES -bDBH- 0 68 fusion 


SEQ 


ID 


NO:24 




DNA 


sequence 


oIRES-074 


SEQ 


ID 


NO: 25 




DNA 


sequence 


of oligo oZeocin-077 


SEQ 


ID 


NO:26 




DNA 


sequence 


of oligo oIRES-Zeocin-075 


SEQ 


ID 


NO: 27 




DNA 


sequence 


of oligo oIRES-Zeocin-076 


SEQ 


ID 


NO: 28 




DNA 


sequence 


IgSP-hPOMCAACTH-IRES-rTHA 










-IRES-bDBH-IRES-Zeocin-073 


SEQ 


ID 


NO:29 




DNA 


sequence 


of proA+KS 


SEQ 


ID 


NO: 30 




DNA 


sequence 


of IRES fragment 



Deposits 

15 RlNa/ProA/PQMC/TH-IRES-DBH cells, transformed 

to produce a catecholamine/ an enkephalin and an 
endorphin, as described above in the example (and in 
Table 2), named RINa/ProA/P030/P088, have been 
deposited. The deposit was made in accordance with the 

20 Budapest Treaty and was deposited at the American Type 
Culture Collection, Rockville, Maryland, U.S.A. on June 
7, 1995. The deposit received accession number 
CRL 11921. 

The foregoing description has been for the 
25 purpose of illustration and description only. This 
description is not intended to limit the invention to 
the precise form exemplified. It is intended that the 
scope of the invention be defined by the claims 
appended hereto . 
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SBQUENX LISTING 



(1) GENERAL INEOMOTCN: 



(i) AEHIONT: CytolherapajticS/ Inc. 



Shou Vtag 
Joel Say±)ff 



(Ebr purposes of all 
designated states except IB) 
(Ebr purposes of IE oily) 
(Fbr purposes of IB oily) 



10 



15 



20 



25 



30 



(ii) TTHE OF INVENTION: EMN CEIL LINE 

(iii) NLMEER OF SEQUEJEES: 30 

(iv) CCT(FSESPCNEENIE DURESS: 

(A) AHFESSEE: Janes F. Haley, Jr. /Ivor R. Elrifi 



(B) SIPBET: 1251 Ave. of the Anericas 

(C) CTIY: New York 
©) SHOE: New York 

(E) OXNIRY: USA 

(F) ZIP: 10020-1104 

(v) CXMUIER FEAERELE FUM: 

(A) MEDIUM TYPE: Elcppy disk 

(B) (XMEUIER: IB4 PC catpatihle 

(C) CEERATING SYSEM: FC-DCB/tB-D06 

(D) SOFTVPRE: Patsitln Release #1.0, Versicn #1.30 

(vi) CLFPENT APEUCATICN EKEA: 

(A) AEHICanCN NL1«R: 

(B) ETLIN3 EAIE: 

(C) OASSIFIQnTCN: 

(vii) ERICR AEHJOETCN EA3A: 

(A) flPPUCHSCN NLMEER: IB 08/481,917 

(B) ETL32G EKE: 07-Jl*E-1995 

(viii) AnCRCY/ASNT INECRffiTICN: 

(A) NK: Elrifi, Ivor R 

(B) REEISIRA3TCN MM3ER: 39,529 

(C) PEEEBEKiyDOCKEr NLMHR: CTI-29 OP PCT 

(ix) TEIfTOMMaOTCN INEOMOTCN: 

(A) TELH KNE: 212 596-9000 

(B) TELEEPX: 212 596-9090 
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(2) 3NKRKITCN KR SEQ ID ND:1: 

5 (i) SEQLEKE CHMEOERISITCS: 

(A) IEMHH: 33 base pairs 

(B) THE: nucleic acid 

(C) STRBNCDIESS: single 

(D) TCHIffy: linear 

10 

(ii) KSmiE THE: dN\ 
(iii) ffiKJiHLTi<3L; ND 
15 (iv) 2NIT-SENSE: NO 



(vii) 1MYEDIAIE SOKE: 

(B) CL£NE: oCMF-003 

20 

(xi) SEQGOCE HSCRIFTICN: SEQ ID ND:1: 

aujLraacE asiomrr PGraasa: tgt 

25 

(2) INEOMOTCN KR SEQ ID K>:2: 

(i) SEQUENCE CHfiRfiCIERISTICS: 

(A) IEN3IH: 23 base pairs 
30 (B) THE: nucleic acid 

(C) SIKNEE3ESS: single 

(D) TOKXCHf: linear 

(ii) M3B0UIE THE: dm 

35 

(iii) HYPOHEITCSL: ND 
(iv) JWTI-SEICE: ND 

40 

(vii) IMyEDME SOKE: 

(B) OJ3E: oIgSP-018 



45 (xi) SEQIEEE IE9CRIFTKN: SEQ ID *D:2: 
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(2) INECR4KTICN KR SEQ ID MD:3: 

(i) SBgBCE OKBOIBISTICS: 
5 (A) 1EN3IH: 849 base pairs 

(B) TYEE: nucleic add 

(C) SIRWHrasS: siiigle 

(D) TCPCirar: linear 

10 (ii) M2HULE THE: U&l (gaxmic) 

(iii) HYPdHEnCEL: ND 
(iv) £Nn-SEN3E: NO 

15 

(vii) MBHEE SOKE: 

(B) CLOE: IgSP-hEOC 

20 (ix) EEAHFE: 

(A) OTC/KEY: 5'UIR 

(B) KOTICN: 1..43 

(ix) EEZHIBE: 
25 (A) e>cn 

(B) LXKFICN: 44.. 89 

(ix) BEKKFE: 

(A) NPME/KEX: intrcn 
30 (B) KXBUCN: 90. .168 

(ix) EEAIURE: 

(A) mfc/lGX: 3'UIR 

(B) HDCBXICN: 807.. 849 



35 



40 



45 



(ix) EEKTCPE: 

(A) 1WE/KEY: miscjfeature 

(B) UXAXICN: 43. ,186 

(D) OfflER INKHtfETCN: /products "Ic££ region" 

(ix) EEKTCFE: 

(A) ISFiyE/KEY: misc_feature 

(B) IOCMTCN: 187.. 806 

(D) (Mm INFCRyKTICN: /prodbrt= "hFCM: region" 



(xi) SB3ECE HSCKPnCN: SEQ ID ND:3: 
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GgqmsCT eaxecraa. GrosKCTsr gauanT tawi&PKr G&ccixjEr 60 

TAICnCTTC T33TPCK33 TPKZGOCHC (HVGTCC&l APCnCTG35 120 

5 

CIGK30K3T G33KOCT TlUXTl'ICT TICDOQ33 GR3«Iia33 180 

ananas mnnx&c qgmck: T3raas«. axrrassG asasraaas 240 

10 aumuju cio35°am tiulluxjx gjvcpc&g amm: mjujujuu 300 

Cm330A G33I2G3E GK30G333 G3SH3CIG 0333X103 COSQ3333 360 

crmmar QjKTcbscc OTrrrrrrr; asmraPG arnrcgcr . 420 

15 

enaaygA cmiiuus aiazmic iai33ggft ennmra. gb3arggict 480 

Kuismxs ujjjj gsc GdamE msxjtox coraGnc jv&aa&az 540 

20 T303333^ 03300333 (SG32RCKIG QJOT5033 OXIGXEKT G9CQ3333G 600 
G3303CTGX OSWTIGSC CJOOXTX TUJIUJJJX QSSfflffiSG GOaGSGX 



30 (SLETCGC 

(2) INKK^ITCN E0R SEQ ID ND:4: 

(i) SQ3JEKE OTPPCHTOSTICS: 
35 (A) LQGIH: 525 base pairs 

CB) TCTE: nucleic acid 

(C) snflMTTT<ESS: single 

(D) TCECLDGf: linear 

40 (ii) M2EEULE TYEE: rm (genatdc) 

(iii) ffiPQTHETICKL: ND 
(iv) 2NTI-SEN5E: NO 



45 



660 



(CTOGfflT G3G7CTIC 03 3 03333*. GCTSOXM G30W333Z TKimnn 720 

toogpcct: aacswaa: aonmr Tasiacrr Gnowwc oxascbica. 780 

arpa-rrrm OTfflPG3X CTGIGAQ3X OSmmEC CL'IOXJXSG 840 



849 



(vii) MCDIRIE SOKE: 
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(B) Q£NE: TgSP-hTOOECIH 

(ix) EffiTORE: 

(A) NaC/KEY: 5 f UIR 

(B) I031XCN: 1..43 

(ix) EEMUPE: 

(A) WVE/IGX: excn 

(B) I02TICN: 44.. 89 

(ix) EEBKFE: 

(A) JWfi/KEY: intrcn 

(B) KXKTICN: 90.. 168 

15 (ix) EE2HUPE: 

(A) ITOC/KEX: excn 

(B) KTKTICN: 169. .482 

(ix) EE70UPE: 
20 (A) NP*C/KEX: 3'UIR 

(B) LOCETICN: 483. .525 

(ix) EEMIPE: 

(A) rWC/KEY: raisc__feature 
25 (B) LXAXICN: 44.. 188 

(D) OTHER INKR«nCN: /products "IgSP region' 1 

(ix) EEMUFE: 

(A) hFMEyKEX: misc_feature 
30 (B) KXA1TCN: 189.. 482 

(D) OMR INFOR^nOJ: /products "hFOC regicn" 



35 



(xi) SEQUEKE EESCRIPnCN: SEQ ID NO: 4: 

GaianCT a ujjJiK Sk giujuji ct Grancrrr p&pxmw <xmm&r 60 

TOtmcnc aiMums iGsrsmE mzrairic ocASGiai^A?oT3m^ 120 

40 la^mwcr ciGK3m3r arzKracr Tiarrncr Ticnoms gk^ktkdg iso 

crnenra: cnujuac i G ggtiowa chkosc iaxnm?v ciam^os 240 

(MKnrc a?rancr axrsnracE Gumrrr, ajmx&c cnmixA 300 

45 

03333 U3 C M333XCIA CMZTKXECT 360 
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G33J2B33Z AWXLCIKE GUUKITlUg GOllUOT PP&GJ?G\ 420 

cjjxu:tcct g mjiurii: AaaremrA iCTrovgyv aoxracafiG j^l^g^lsct 480 

5 GBG333CSG CUJJUULIJG (HJBOCTC T03C 525 

(2) INEOMHTCN KR SEQ ID ND:5: 

(i) SEQENZE CHAR?CIEBISTICS: 
io (A) IENGEH: 30 base pairs 

(B) TOE: nucleic acid 

(C) SIPPNEEQESS: single 

(D) TCEOC&C: linear 

15 (ii) M2HULE TYEE: cD& 

(iii) ffiKJlHLTlCHL: N3 
(iv) JTO1-SENSE: ND 



20 



25 



(vii) BM5DIKIE SOKE: 

(B) OOE: orlH-052 



(xi) SEQUENT EESCRIFnCN: SEQ ID 1SD:5: 

cmsHiiG acmroxc motsgx 

30 (2) INETKMTCN KR SEQ ID ND:6: 

(i) SEQUEKE CWRKIERISTIC5: 

(A) IEN3H: 30 base pairs 

(B) T¥EE: nucleic acid 
35 (C) SIRMCFTM5S: single 

(D) TOPdiDGf: linear 

(ii) MXEPIE THEE: dMV 
40 (iii) HHODEriCSL: ND 
(iv) JWn-SEJEE:: ND 



45 (vii) 3WEDIKIE SOURCE: 

(B) CLCNE: orTtf-053 



SOBSIIIUIE SHEET (RULE 20) 



30 
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(xi) SBgBCE rESQEHPnCU: SEQ ID ND:6: 
(JULJGlSffiJCT AiULMTl^G CISfi3Q3aC 30 

5 

(2) INECRKTICN KR SEQ ID ND:7: 

(i) SE3CSBCE OTKOIEISriCS: 
(A) I£NjIH: 30 base pairs 
10 (B) TOE: nucleic acid 

(C) STPANTHTESS: single 

(D) T^CIOOT: linear 



15 



20 



40 



(ii) MTFTTTTF. TXEE: dm 
(iii) HYPCOTEITO^L: ND 
(iv) ANIT-SE1EE: ND 



(vii) IMyEDKIE SOKE: 

(B) CX£NE: orTH-054 



25 (xi) SEQGEKE EE9CRIPnCN: SEQ ID ND:7: 

GOOTA IUJ1UJXTG Ol'lULUWA 30 
(2) INEOWOTCN KR SEQ ID ND:8: 

30 

(i) SEQUEME G&WCIEPJSnCS: 

(A) 1EN3IH: 33 base pairs 

(B) nucleic acid 

(C) SIBPNCEINE5S: single 
35 (D), TCKftOCT: linear 

(ii) MTFTTTTF. TEE: dm 

(iii) HYPODETICHL: ND 

(iv) ANTI-SENSE:: ND 



(vii) 3WEDIME SOURCE: 
45 (B) 0£NE: orTH-078 
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(xi) SEQUENCE HHMHTCN: SEC ID ND:8: 

acrzwrnc aumaas roDxrasrr ar 

5 (2) INEOMKETCN ECR SEC H> N3:9: 

(i) SB^ENCE CHARPCIEBISnCS: 

(A) UNjIH: 30 base pairs 

(B) THE: nLcleic acid 
10 (C) SffiBNTFTTESS; single 

(D) TCEanaf: linear 

(ii) MTFUTTF, THE: dm 
15 (iii) HXKJIHLTIOTL: NO 
(iv) ANTI-SENSE: NO 



20 (vii) IMEDIKIE SOKE: 

(B) d£I€: oIPES-057 



(xi) SEQUENCE EESCRIPnCN: SEC ID ND:9: 

25 

a&Maroas cnricrar iuuullijlic 

(2) INEOMRTICN KR SEC ID ND:10: 

30 (i) SEQUENCE OTKOERISTICS: 

(A) LEN3IH: 30 base pairs 

(B) THE: nucleic acid 

(C) SIBPNEEDESS: single 

(D) UOEdCHf: linear 

35 

(ii) MTFTTTTF, THE: dm 
(iii) HHUEHE3TCAL: ND 
40 (iv) ANTI-SE1EE: ND 



(vii) M4EDIHE SOKE: 

(B) dOE: dt£ffi-065 

45 

(xi) SEQUENCE EESCRIPriCN: SEC ID ND:10: 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 63 - 

(JJCPCSTKA GXITIQDX 30 
(2) INECFMATICN KR SEQ ID ND:11: 

5 

(i) SEQUENCE CHPRZOERISITCS: 

(A) IHdH: 30 base pairs 

(B) TYEE: ixcleic add 

(C) SggNTFTTESS: single 
10 (D) TCKUDGT: linear 

(ii) MZ£HJL£ TYEE: dNV 

(iii) HYPOfflETICTL: ND 

(iv) ANTI-SEEEE: ND 



15 



(vii) MEDIKE SOKE: 
20 (B) 0£tE: oIFES-fcEEH-064 



(xi) SEQUEKE EESCRIPnCN: SEQ ID ND:11: 

25 cnuLUCAA aKiGi?o33 cxhxosig 30 

(2) INECR^TICN Em SEQ ID ND:12: 

(i) SEQUENCE CH\R?OERISnCS: 
30 (A) IHGIH: 30 base pairs 

(B) IYEE: nucleic acid 

(C) SIKMEtNESS: single 

(D) ICBDLOGf: linear 

35 (ii) M3LKULE T¥EE: dm 

(iii) H¥FDIHE3TCAL: ND 
(iv) ANTI-SENSE: ND 



40 



45 



(vii) MEDKIE SOURCE: 

(B) CL£NE: oIPES-ttHH)66 



(xi) SEQUENZE EESCKEPTICN: SEQ ID ND:12: 
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amagns tzoeositg ia3CMGCTr 

(2) INECHMriCN KR SEQ ID ND:13: 

5 (i) SEQUENCE OffiffOEasnCS: 

(A) I£N3H: 30 base pairs 

(B) THE: nucleic acid 

(C) SffiSNLEOESS: single 
P) TCmnaf: linear 

10 

(ii) MXETULE TOE: dm 
(iii) HtfOIHEnTa\L: ND 
15 (iv) ANn-SE*EE: NO 



(vii) JWEDIEIE SOKE: 

(B) OQE: oIgSP-068 

20 

(xi) SEQUENCE HSCXHTICN: SEQ ID ND:13: 

25 

(2) INEOflMSCN KR SEQ ID ND:14: 

(i) SEQUENCE OffiRflCIEKCSTICS: 

(A) UEN3IH: 25 base pairs 
30 (B) TYFE: nucleic acid 

(C) SHWNEEINESS: single 

(D) TCEOJDGY: linear 

(ii) MZHXXJLE THE: cQ& 

35 

(iii) HYPOnETia\L: ND 
(iv) ^NIT-SE^EE: NO 

40 

(vii) M€DEOE SOKE: 

(B) QUE: onH>073 



45 (xi) SEQUEKE LESCKEPnCN: SEQ ID NO: 14: 



SUBSUME SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 65 - 



(2) INEOMR1TCN KR SEQ ID ND:15: 

(i) SEQUENCE CHARJOERISnCS: 
5 (A) IHdH: 30 base pairs 

(B) THEE: nucleic acid 

(C) snWEEHESS: single 

(D) TCEOiDGY: linear 

10 (ii) M3JEDULE TYPE: dm 

(iii) fflPCHHEniCHL: ND 
(iv) ANIT-SE1GE: ND 

15 

(vii) MEDBOE SOKE: 

(B) CL£*E: chKM>IHES-069 

20 

(xi) SEQUENCE IISCKEPTICN: SEQ ID ND:15! 

G33333 m3jg mmr crroiasrr 30 

25 (2) INEOEWKTICN KR SEQ ID ND:16: 

(i) SEQUENT OffiR?OERISriCS: 

(A) I£N3IH: 1030 base pairs 

(B) TYEE: nucleic add 
30 (C) SMMEQsESS: single 

(D) TSEOSXX: linear 

(ii) MUHULE TYPE: ENA (genomic) 
35 (iii) mPCOIEnCKL: ND 
(iv) JSNIT-SE*EE: 



40 (vii) MCDIKEE SOURCE: 
(B) CLOE: rTHD 

(ix) 5EKKRE: 

(A) *WE/KEY: 5 ? UIR 
45 (B) IH30ICN: 1..6 

(ix) EESIUPE: 
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(A) NMyK2f: excn 

(B) UXBIXCN: 7.. 1017 

(ix) EEKUPE: 

(A) JSMVKEf: 3'UIR 

(B) KXKTICN: 1018 ,.1030 



(xi) gQIMCE EE9CR3PTICN: SE3Q ID NO: 16: 

J^JJl'imUi lULLUiUaiT (JXPP&JWl GIGiagflT IGSOSGIG ICTuAjJlb 60 

Gicmwcr TTsorrrsv iciGacriG eraarrc gltiuuiia ocmsigirt 120 

15 aromac osmot ra^ffooT axnracr OTDra i&Knwn iso 

otxktgigs pmepcpcc Gswoffirr GOTcaQa. pc&azmnK tgtcsoos 240 

AM333XICT Jffi33KECA TOXIG 33 33 (3030303 M3GmOA GLTiCKSA ■ 300 

20 

03 5P O5IG ammsoi osamac ozjogztos mmc uulltiltiu 360 

M33ffloa crarntiA gcigcgmx GiGsmnc t^ostodx acEirarrrr 420 

25 CIQ333GIC IG3XTK30G (Ijl U lTRm AKIUGGXA 1UJJ1UCTCA 480 

anKKJSTT OaSGPGX OmSOTGT XXXBTOTIG 540 

C3On03C TiULmiLT Q33330CKA 600 

30 

TTGPPPPPCT CIO3033IG T?033TTCA CIGIGOT0T OiiJL'JMGr 660 

Tmj&ZWG G3Sg35ft ULLT im Ua r G^LUX'ICC TCICTKCIA OS^OC 720 

35 auL^iux TGiamm ujlul/os'ic asmrnc pcoj&ck: JUJ&nniG iso 

CTQDCTOC JVGOOWC CDa^QXT GIGEOTIG TCIC03£3G 840 

GJJ^OS^KI^CPO^ CTOGXICT OTSEGOO: GJUUAI'lUlC IGIGWmT 900 

40 

smciKA acnmaT Toranos oomnc jomacnv GsriLurib 960 

om333ia: mkk2get gsooeig gjo&cecpc tooqxot tpgotaaig 1020 



45 

(2) INEOMOTCN ECR SEQ ID NO: 17: 



1030 
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(i) SEJQCE CHH^CIBRISnCS: 

(A) I£N3IH: 1037 base pairs 

(B) TYEE: nucleic add 

5 (C) SIEPNEEIMSS: single 

(D) ICHinCT: linear 

(ii) MXEEULE TOE: H¥V (goxmic) 

10 (iii) HYP0ffiBTIC3L: NO 

(iv) ND 



15 (vii) MODCE SOURCE: 
(B) QUE: rTHEFS 

(ix) EEAHFE: 

(A) ^E/FEY: 5'UJR 
20 (B) LDCBTICN: 1..13 

(ix) FEATURE: 

(A) l^E/KEY: excn 

(B) LXKTICN: 14.. 1024 



25 



30 



(ix) BESTUBE: 

(A) ms/vEX: yum 

(B) LXSTICN: 1025.. 1037 



(xi) SE3BCE LESCRHTICN: SEQ ID ND:17: 

PPGjnOGOZ JUZXnXJZ O J I U J I'I O JC : ASgflAPGIG TCH2AriQ5 iOflGIGKA 60 

35 azmasic «xa?ciTiG Kixnaicr asmaac omniCT lutiuaocA 120 

GGromioiJ amaocA ktigotio: POH^nooz tkogdov mckhska iso 

40 

CJmnGRfiG GTCICIKIG CITOXAIO: CIQCT3SG um<JL*GCr 300 

iciassms tpl mui g x t rasmsa amaaiA a*riG3>G3 jcgtcikxxe 360 

45 CnCTlT3^ (MffiOG ULTlUaZT QDSmEIG G3333ICIEC IGIttOXPS 420 

roarnciG gjlajicikg ajnujjaGT giticmdgc jrajciam iujuustoc 480 
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a iuu u a* aiaariCTC cictqctsv cio^iqxat gotgtke qoigikc 

O CTSTD33CT GUJJJCKT TIGCTCTGIT CKrDGSC KTIQ3CTIG OECICIG33 

5 

G3XE3CKT GWJftBTIG AAWfCIOC OTCEIGIPC TO3TK3CIG TG3»Tia33 

OTKTGIWA QO«D3333 AGEDGWGX TKIQSia^ G3XICCIGT CnOOKEG 

io iGccKEiG aooxiGr ooggbgx iggskdsv Gxrrnsoc cbgocegc 
P0CUGS3JG annaj^G MMraA otgxigig TrariGiGr aasmrrr 
awiGrar AKSO«r ras?cm iuuuust Airaam: cjotcicigt 

15 

QffGTntSC (ESBOOC TG3XZ0T^ 

CIUL T IU JC 0335103*35 AflgG3333l CTgTIQ3X CTLULAJIGA CjiuJunTiaG 
20 CIEMKEKT AG30CE 

(2) INECROTICN KR SE3Q ID ND:18: 
(i) SQLEKE CHPKOEKISnCS: 



540 
600 
660 
720 
780 
840 
900 
960 
1020 
1037 



25 



(A) IDEM: 3425 base pairs 

(B) T¥EE: nucleic acid 

(C) SIRMCEI1ESS: single 

(D) TCEOOar: linear 



30 



(ii) MJUME TOE: ENA (gerardc) 



(iii) HfEUffiETIG^L: ND 



(iv) JWIT-SE*EE: ND 



35 



(vii) M€DIKE SOURCE: 

(B) OUC: rTH-IRES-bCEH 



40 



(ix) EEKUBE: 

(A) WME/KEY: 5'UIR 

(B) K3CKTICN: 1..6 



45 



(ix) FEATURE: 

(A) NPME/KEX: exen 

(B) UXASTCN: 1.. 1017 
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(ix) EEKH3RE: 

(A) inbxn 

(B) IOGKTTCN: 1018.. 1617 

5 (ix) EEA3UBE: 

(A) mE/IGX: exoi 

(B) KTOTICN: 1618.. 3411 

(ix) EEMIPE: 
10 (A) IWE/KET: 3 ? UIR 

OB) KX3ETCN: 3412.. 3425 

(ix) EEKIUFE: 

(A) misc_feature 
15 (B) liXKTICN: 1025.. 1617 

(D) OTHER INFO*©TICN: /prodx£= "IRES sequence" 



(xi) SEQUENCE EESCRIPnCN: SEQ IDND:18: 

20 

JgfcLTlMOLS ' IOJLL ' IUjIT TGSO^GIG ICmDG 

GKaXAPGT TKTOTKgl l UlUAJL'lL, g>03mJ3S CLT1L1UHA 03X3310131 

25 crmm^ic 03i?Hiimr lOTOffirr Gxriracr iav&3U£> tx^eaajt 

0333033103 AKEOOG3 Q3iPOGOT 031203103^ KXPOZmni TGKXE3IG 

MMXT AIQ3gm?V 1UJ3KD33 3 G^G^TKE SQGGITI0CA Q3T033\A 

30 

Q33ITOGIG GOIXDGKA 03OG3GC 03OG3IGG JmUilUK UULiJi'lLTlb 

AKgglEA ClUJjnOCA 031035033 T2CT3I0333 C03I®mT 

35 00333*310 lUJJjriUUb Q3ICTITOA TO^XCTCT MOH3a I0jl:IU1CA 

03IKP33OT CKEIGOX G3O33I03 C7ffiJG3I0r T033OEUr ZOJJVGHG 

G3ICT0333^ e mTlOIXA bT10 I Q33 £ (30TIG3C THEMCICr 0333333KA 

40 

(KE3¥CBAA CI03O33IG •DCIQaTItA CIGIQ3VOT CQ333IMGr 

AASQmAIG Q3aQ3IC^A CdU L T l Ml&T Q3PG333IQ3 lUlLTllXTA 033CT03IC 

45 CKOCIOX TGTC2¥?£CA G33IGPG3IC a^LLLTlllj M33GOC M3U;I^IG 

C7G333I7C3 APffilOWC Cnm*333r GIGEOTIG TGI03GPffG CTTCMKSC 
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GxwosoY jmncaw cnaoxicr (jzphxfgz oocnsncic tckmgitt 900 

00333I7QV C30333^T TSOSEOG (SOGDDC3C JOulMUA OJJLJiULTlb 960 

5 

g raaa n: jgarere L T q^ooxig 03330330 ot^igxat mrraAAiG 1020 

ooMKra: 033x100: ciamia : a^Masrm ciujjjjtog olltiusa ioso 

10 TM033333T GIQDSTTIGr TrriUUrtXA TETIG333IC I'lTiUdL-AAT 1140 

GKcmr Q3¥«riQ3 cmuiux tk?oso3^ tkct o 333 'iLTnuujur 1200 

CTCHD3WO GSffiT^ 1260 

15 

ictig«30 pppcppozic iGDmsa: crnasox sgumd: axsanax 1320 

GEMaiax ' ivm.u-"^ jwoujogt gmkooa cxukttwv G333330A 1380 

20 033CZOIGX MGTIGnSG nGSflBGIT TC7ftKK3aST CI0CICMOC 1440 

GEATKT^CA AfflTm 03S1UU3O W03E0333 KTIGEKD333 AO30CDS 1500 

033300 3 3 1 03O WJLTr 'DOIGIGTT UOI03OSr TOAA&AJOST CIF&3JJXJC 1560 

25 

oa?mn33 osmmrr tiujith^ a, ppp&c&vg iwvajnnz omoaiG 1620 

•mrooco Q3 3 mrsr cticcigsic kkoosios ciluoiea ojjjiujxt 1680 

30 cnmm Q 33 3 c nm: cntrzorc cnnoaa: 03303330 oegsocig 1740 

T X TOSTCA T3OZM03 0303003 fflCTCTKC A33ICCIQ3T G33330TIC 1800 

W Q 3CT35IG TCCTSTTKE GEGI033O 0?Q33jPQ: T33¥3«3a3 TGRCITOSIG 1860 

35 

Gia^iciQ3i crsomA ulllgxtpc ttkhsog CTI03OKA 03000333 1920 

aosrcnoz T o s o c rgv 03O3&m: cpozncinz 0333000 gokdoa. 1980 

40 Q3XIGMT IGCICn CBA, SgmTTT Q33OO0IG JO333ff03\ egflZICTIC 2040 

caasmrA cnsmra: qsigikigsv Tiinuaos «rnnocE gtcxeioso 2100 

TO3OT3W3V Q a0333CTT 03003333 CI03OG33 TGnOCKET GWG33&OZ 2160 

45 

MUJ33 ¥03 033333IQ3C CD333O03 03303003 #3H033333 03333OGIC 2220 
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em a tnrE qccpgj&c ckedogs iQ^ram gjzpgzihjz osminc 2280 

0333333 0: joiosiar Gimnr Aiasiams jmrwcm cmosac 2340 

5 amooos MsicrrocR GKmxax scrKmA cdeocdxa cnam33G 2400 

anHHa ca^saG^ axajgns acwcncr gcdgtcmst Gcnmrn: 2460 

T 3:S XCT3j G 333CR BG33 CrVl'UPCEPC (MITOX CTlLUijULI.? 2520 

10 

033333K CT a^OOTICT OJGCCIOTA GnOOKC P&VCCCPC? GSIWmBCA 2580 

033033393 5 7O33I0333 CAILmXTC 12030033 OQTCKI33 2640 

15 Q33333ECR 'LUMJJVX G JmUCT^ T3333gOX 0333303*5 2700 

M3333TIC33 TOTOmE CD0030G CJUm.'IGX O3IO30333C .2760 

ramsHic josiltiue aciaccic cpcfgxkz ihujsjxjs gbbosigsic 2820 

20 

CX?£333m3 SG0O3K3\ aOOKSGC 2880 

cnooia: msotcee caigitc?^ j^toigt aciasm: gssocbig 2940 

25 ciaaa o rr cnojom orom goroi to33^03CT ujjjjjjiic 3000 

033aanas aiksigig asicAjaar Gia^cncr plxjjzp&c gmcmsg 3060 

CIUnr7«3V Q3333SIG3\ (JJL ' l UJjriL CIG30?CT AJI'lULIXT OSIWZOGG 3120 

30 

TKMOOE M3ASGICIG C^TOXJX OmEICIG lllUKSffA GITIGXTCC 3180 

guujx'iua;^^ cicasG333c lugmrrr agmaic 3240 

35 T33flG3CT CT333305IC OLT11XM3 03SGIO3& T0333mr 3300 

ClULLUUPgV T33IGKT7C GnGSAQG CXDmTIC J0333CHC OOTfln 3360 

amniD3 uiimnc asnnrapc arcsGnms 03apg33ig AM3IG3333 3420 

40 

Q3333 3425 
(2) INEOMfllCN KR SEQ ID ND:19: 

45 (i) SB3ENCE CHARJOroiSTIGS: 

(A) IEN3IH: 3432 base pairs 

(B) TYFE: nucleic add 
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(C) SiraNEHIESS: single 

(D) TCF&flSf: linear 

(ii) MTFniTF TEE: OJA (genonic) 
(iii) H genHETK SL: ND 
(iv) ANTI-SENSE: ND 



(vii) IfrMEBKIE SOKE: 

(B) CLONE: rtHIS-IFE&*£EH 



(ix) EEKKFE: 
15 (A) bPME/KEY: 5 ? UIR 

(B) IOCKEICN: 1..13 

(ix) 

(A) NfWE/MX: exm 
20 (B) KX3CTICN: 14.. 1024 

(ix) EEKTUFE: 

(A) l^E/KEY: intrcn 

(B) KX3TICN: 1025.. 1624 

25 

(ix) FEAHEE: 

(A) l^ME/KEY: exm 

(B) LXATICN: 1625.. 3418 

30 (ix) EEASUflE: 

(A) NWE/KEX: 3'UIR 

(B) liXATICN: 3419.. 3432 

(ix) EDOURE: 
35 (A) IWE/KEY: irrisc__feature 

(B) KX30ICN: 1032.. 1624 

(D) OTHER INFOMETCN: /prcxir£= "IPES sequence" 



40 (xi) SEQUENCE EESCRIFTICN: SEQ ID NO: 19: 

AK3Cn03X JnAlGoKT CTiUaTlULU A&GAAWGIG TO3»AriGS XT^GIGICA 60 

OJmaSIC AGCAPGITIG MDCKMCT <33tCI03AC CTQIHgr UtaUKSCCA 120 
45 

aaia m iu ; omsroam aaaEancc AgrariGx Tia^GiycA imm^it^ 180 
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jm«nax cko33»t PGCMm& AjffiTKrr pcnnms PQjKmror 240 

OOTIGAPG Q3TICMG CR MH CTOX033C OtCIGSffi timuAET 300 

5 Tcrossms tt ogigx t aiekmsv csffsiacnv csgciggkc a3jigioxe 360 

ci'i cr na PG smasoc cotochxt asmisiG gmacmc tgi ohi d s 420 

igarnciG ajjcKsos ocnmzs r gitkmre mxtgdoa iuulldogc 480 

10 

aiL ' lUEL T fllULBTICfiC CK?Q3D3^ QU^KCOfl' GSOJlUrilii GOaGEtC 540 

cKiGrraxr gamoff Tiumcrr ckhmsc ai-iujotc o^cickbs 600 

15 rcf.cirx7vr GvamnG wwco: amnGisc tq^tktcig tq3OTio33 660 

GjimumAA. cas«iQ333 agcigamx TKiUaiU-A ciiriunGr crrcnnra; : 720 

KKnra aciariGr csscraax ramam armt^cc cpaaaai 780 

20 

AEIGIG3C OXITOTtfG MGRWOTA COGXTCIG UOT1G1G1' CnSGTCTT 840 

cwaGKnx: ppa&avcc Toaascm txcicicgt Ammrc ckticicigt 900 

25 G^PGITIGC CD3ITOOC *IG3XKTK?V CGMZUj&C /yjJJICXA aMDGE 960 

aim UfflG G333IGCPG3 Jffi3G3G3Y 0UO33X (30330^ GiaXKTISG 1020 

amacnw mmuiLL ociciaric ana oxr Mazmcis gjjswzxg ioso 

30 

CnaSffiTOA G33 Q35QG CGITIGICm TTOGnKnT T3303KIKr TUJUilUTix 1140 

1G33MIGIG M3333333A. TGICTICriG ^OSG3ffIC CTUi^ia 1 1200 

35 tiuixjc i c armc&A TOjresicT GrnafliGic GigggaPG eajnuJiLT 1260 

GJ ftJLTlL'r IMJOffiCMHCIGr immnT TOJOXKi: Qmum- 1320 

ajjiujjjc ftjb ' iuj J ia qhhma oxzcGiGm mjotoc cnrawm: 1380 

40 

G3JCN£CC G UMW CG TIGIGSGTIG GOTLT1UIG GWCTGKA MiasnCIC 1440 

CICfiKmA G3m3«ZA TOXTTQ^G GDmi7flT GDOG330C 1500 

45 IGKICIQ333 OJ1UJJ1U-A. eSTGCITPC ATGIGITrSG 'lU^jbTJM PmCSSOA 1560 

03 Q i i- i -ra BfTPfmm 0GIG3nTPC CITIGflaWft efiOSgGflUA jgnOXSC 1620 
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ppC&iKZSPC G33033333 T33333ICIT 03031*330 CICGTSOS (30103033 1680 

C30333IOX G3330OX 03TIO333IT 03OII03X CI0303333 J0333033r 1740 

5 GS^GircTOSrc^G^^^ 1800 

(33X33ICWO GCIGSIGKE TGITI033Sr GI033OEA G333O3103 TO^WSOTTGA I860 

i o otosio^cicioscigmo^ 1920 

GI03O3IG3 JOD033O3V 03OTSD3C dTCIQ3333 1980 

TCTff^GX TCTICWOO aXTTTIOX KJJIGK?CE 2040 

" (30333033 T3303TQ3T 00330303 03TI0333IC 2100 

orin^AJcw^ 2160 • 

20 G33303SIC OOTEffi 033IG333X 03QO3333 JO3003O\. TO333333X 2220 

osrciacicMairasr 2280 

0130^ 033c?o3ov rasaffi^ 2340 

25 GZI03IG3C OCKIGSOj TCTI03OIG 03333333O TI03OO3\. 103333OIT 2400 

30 cmsxraaiirc^ 2320 

307*00X03333330 0^ 2640 

" CTI03O333 033353003 J03IG3333T G333DOOj 0333ICKI03 03QO333X 2700 

(003003 0321103103 T303333IA CI0303SO APGIG30E MCI03C03T 2760 

40 0^X1^03300^ 2820 

OTB^GlGSOm 2880 

CDOOOTCTCiroTGSiO^ 2940 

45 ToraorrcMooriorr a^a^'M^owom 3000 
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G33 3 3 0335 #TCEIG3¥E JQGGKHjT OTOMGIG OCJKHKZ <333&CGCh 3060 

(laOLHLUU (JUblO^OX 1UXTKOG GOWSHCr 1UJUJJ I CCT 3120 

O^OGSTIC ffiC2m?G3 « CT CTG3€ CIGXPXSG QaSOSKE CIGM3GIT 3180 

itijL ' iumm ajL'ia^cr ccno«rE aaajKnc #mEciGr ^jllltiugl 3240 
i mm uiuj mimouiA joqidccic gxictdcq: tjuzoggog ?cia3Wjnz 3300 
anoraros tctccmsit QjWGmr ajjxictct gjxzoxpg 3360 

CCT033ICTG M3 J J33XG Q333XXCT G^GKCTIC jQQ33333V AKmOflC 3420 

15 GIH33333X 03 3432 

(2) INFCRffiTICN KR SEQ ID MD:20: 

(i) SEQUEKE fflARK3EKCSTICS: 
20 (A) LEN3IH: 30 base pairs 

(B) TSEE: nucleic acid 

(C) SIRSNEEENESS: single 

(D) TCKXnaT: linear 

25 (ii) MTFTTITF, TfEE: dm 

(iii) HYFCTOETICftL: ND 
(iv) POTT-SENSE: ND 



30 



35 



(vii) IMMEDIATE SOURCE: 

(B) OOE: chFCM>IBES-070 



(xi) SEQLENZE EESCWPITCN: SEQ ID ND:20: 

khtpcfoz (ijjxuJitT uxTomr 30 

40 (2) INFQWKTICN KR SEQ ID ND:21: 

(i) SE35IKE CHSWOERISITCS: 

(A) IEM3IH: 30 base pairs 

(B) THE: nucleic acid 
45 (C) SIRBNDEINE5S: single 

(D) TCKXAGY: linear 
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(ii) MUHULE TEE: dm 
(iii) HYKJIHLTICMj: ND 
5 (iv) JWTI-SENSE: NO 



10 



15 



25 



30 



(vii) MCDDUE SOKE: 

(B) CLOE: oIRES-nHD-OTl 



(xi) SEQIKE EESCRTPTICN: SEC ID NO: 21: 
GMOC2G333 TGXT^GOTT -30 

(2) ECR SEQ ID NO: 22: 



(i) SEQUENT Om&EBJSTICS: 
(A) IQdH: 30 base pairs 
20 (B) TYEE: nucleic acid 

(C) SIKMEENESS: single 

(D) TCEOSXt: linear 



(ii) MTFTTTTF, TYFE: cim 
(iii) HTCUMCTICBL: NO 
(iv) JMT-SENSE: NO 



(vii) MEDIKE SOKE: 

(B) OJ3E: oIHES-rTOD-072 



35 (xi) SEQUENCE EESCRIPnCN: SEQ ID N0:22: 

CTI033OA CmUJIUJC OGSITOJCR 30 
(2) INEO^BITCN FZR SEQ ID NO: 23: 

40 

(i) SEQUEKE aV&PCTEPISIlCS: 

(A) 1EN3IH: 4499 base pairs 

(B) TYEE: nucleic acid 

(C) SEWEECNESS: single 
45 (D) TOPOLOGY: linear 

(ii) MXEEUEE TYEE: rm (gencmic) 
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(iii) ffiKJBEITCHL: N3 
(iv) ANTI-SENSE: ND 



(vii) D^EDIME SOURCE: 

(B) d£NE: parc-t±rt±h fusion 

10 (ix) EEKIUFE: 

(A) 5'UIR 

(B) IDCKTICN: 1..43 

(ix) EEHUFE: 
15 (A) NPME/KEX: excn 

(B) LXATKN: 44.. 89 

(ix) HITillBE: 

(A) NPME/KEX: intrcn 
20 (B) KXSTICN: 90. .168 

(ix) FEAIUPE: 

(A) excn 

(B) liXASTCN: 169.. 482 

25 

(ix) EEASIEE: 

(A) I^PME/KETf: intrcn 

(B) UXATICN: 483.. 1080 

30 (ix) EEMtEE: 

(A) NPMEyKEX: excn 

(B) IiXSTICN: 1081.. 2091 

(ix) FEAIUPE: 
35 (A) KFfcE/KEY: intron 

(B) KCTflTCN: 2092..2691 

(ix) FEEHEE: 

(A) l^E/KEY: excn 
40 (B) KX3CTICN: 2692.. 4485 

(ix) EEKTUPE: 

(A) l^MEVKEy: 3 ? UIR 

(B) KXMTCN: 4486.. 4499 



45 



(xi) SEQJEKE EESCRIPTICN: SEQ ID N0:23: 
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gngm3r n^rrrypr^ GTQSgJGT gmSKHT jQAlgWff G3gJG33T 60 

5 

TCDORBKT CIGKTO^T <2I3»JOCr TIUJLTJ/ILT TICTO033 GD3»ITO33 180 

ern ennc citcdxctg ggttcwka Gosnncac TaxnoiA ckihgos 240 

10 ggggajjz oa ranr r armrsos GJ33G33X c&vjjjpc ciaaosov 300 

GC CIGC TOSr G3CG3XCTG ASffl?G3CG M333HTIA CSQ3SQGRG OmaXTT 360 

rrcrTTVTrr? GD0CM33C (imiTllKT QUJIU33G MfflQIJtA 420 

15 

crairiGsr smncnc akwcqcea Tnxnv&A ozcdosg muhsst • 480 

Gm3u?OG 0333 * I n c lajJI OX CC CmXTOMS TDQ333D3 PPQJOOCTEG , ' 540 

20 asiGiaDjiT tcicikkig 'iwmuA a^mriox Gicrmax 600 

aa!D3iso33 arrs tfKE lULniLTGic Ticnami amrrccisG a33icmcc 660 

0 3 0 0 3 33 PZGJWKZh PCSSCISnG MIUIUjKA TCCICIGStfV 720 

25 

azncnoA govwsac giuigepgds ajulthua gxpccg&a ccccccpcct 780 

amoosr oxi uubs awm emeazm^ Mfoma: pwaxnx^ 840 

30 CMHIM GLimJICT gGTIQam GITCIOgm gGOAAIG cjjiuilUKA 900 

AjLL?im'iav mmn moaiQX opposite: anznGmr g33ctoctt 960 

r ; ?ir f-rfr r?ir G3I03CKIG CITBOEGT GITDCKffi uJldSGSX 1020 

35 

cnxnvtrA amscGiG Gmrocrrr gwwcpcs p3&&vgct txxjj&pcc ioso 

M G? r mx T G?nm7>PiG flAAPgiCTCE mAng^ra ^iuii^oca asGSian: 1140 

40 jgerngxr ataaaoA caGgmc craimcr craoaosr CTKiamG 1200 

CEKB3W3C SOTGXTIC (JGIKMOZ MTTOOOTT 1260 

GIQ3*KI7EA amiMA GffiraKC TQ3\P03O3 TATOIGICTC 1320 

45 

ct c ekt b jr craracoa omsmc ciasmsrr lasGcricr omd3OTC 1380 
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T GD33CTKE G&G&CPG 0003300 0030303 IGTOJ33CIT CH&PG&G 1440 

CG3CTZCT TCIMCT33 3 AX03IG3X QSICffiCIGT 0 G3333IGR TITICIQ3X 1500 

5 A3ICCQ3XT I033J3IGIT TCBKIG303 QGIKKKE UCJGfYlUXIC CO03IKIG 1560 

ootoccig fa i sa as catrrarao cicrmsc Mtsnmsr Grranrac 1620 

cmomrc o u ^ r icic cdgjot a^cnasr comTi": amaitm 1680 

10 

QSftITC3WV 031013003 T1UO3I0G AKTI0333CT AIUDWOO 1740 

Mraaasa: itaparrm 103103033 cigcigicit crnms^ gzkhtojc isoo 

15 1UX10 KK3 M3GXKA 031033m: TTTI30330 TGIG3G33C 1860 

TKX3«KIC JmJZKHi UX113IGT7C TTTGIGI0CG AJOTOft TgQ3X7^G 1920 

GOSG3K3V OS?OKra3 CICKGKIC (MOT 1CICD3D3A G1T1U P 0333 1980 

20 ] 

1300033 Cn H TC M CT PCJH3PCPGZ CEICTOmV 1Q3XJJXTC CTIQ3m33 2040 

GI03mnG M3I03OC OJI03XI3C 03O3GIG 03OTH33IA AA303OK3S 2100 

25 AKumrr auxiaxc aujaarac gtdoq3X gwlxjjjtt g&wwj: 2160 

( _O j TCM^ t tigicmbt GiTAirna: mroria: asicrrnas CAAimraos 2220 

033333WC ClULUUL'ICT CTICTICT33 M3ET33IA Q333ICITIC 0XTCIU3X 2280 

30 

NmsmH MffiIC3GIT fflKOCEIG NG3WCPG T1UJ1U1UA M3nCTIGl 2340 

fflOM^ G3ICIGIPG3 (3 5 G33TITX ^33300331 MUmi T0333OG3 2400 

35 Q33WW3X MSIGMm GOTOtCIG OmjJJGO: JOSraXSG 2460 

TO33CCTIG IgG nG gg JCTIGIQ3& ^CTGICAAAT QXTCTOCIC M333I^riC 2520 

PKmnnz tcssgs^tx cnomsm cuajAiiGm Tosaicira icKmrn 1 2580 

40 

03310301 Q3m2gflG 1U1TO GI03 fl33rmAftA& M3ICISGX gDUME 2640 

a 09333 C5r GSnTTCCTT It^AAAPOC GXF3XnW3Z TI033OfiC OEGIKGS^ 2700 

45 M33333IGG CU b' l LTHXT OJlimUL'lU GK333I03C T33¥3333IC G33I0333X 2760 

GPgQlTCT laJLUHULA CmUXIXIG QYXIXCTG3 Q30XTO3V OTIGKCI03 2820 



SOBSmUTE SHEET (RULE 28) 



WO 96/40959 PCT/US96/09629 



- 80 - 



AKXTCKIT ATQ33?fl?\ GffllOC TKEBQCKC 10511333331 GJKJVCGO? 2880 

05 IGI C CI CT TIG33\IGTC 03033033 SCTSffi ffltdCTClT G5IGSKgIC 2940 

5 

IG3CT3 ffl QBQ330X CTLTl'lliii (MUXIG^ G3333GoIC 3000 

CKCT330 CD^mOA TIJmorrr CD333333E: JOGOTT JOW3TCIG 3060 

io mxnniic r TCT?gQ3x Trnumc c TCTgmiA JoaciiiJLT eaiaaoac 3120 

rrr7^n?R;r! ALUOJIUIA lUL ffi 'lUJIU GOTHH: TCD33I03IT G3GIOMC 3180 

AOTIE (JLTIUJ/OC G3IEia3G TQ^KMOX CKDOCDX 3240 

15 . 

«m2333X TO3333D33V 3300 

an33x?a: KsraraiA ciqskcitc Giamso: lainsm; criaiirEs . 3360 

20 Oram 1C3EGDC3V 0JXK1U3IC IOJ2G3GCh GblO^CCTC 3420 

AKSOsicr a a ra iuLu: ajLu^n u Gomwr cracnoc ammo: 3480 

(3CT3CZW31 mjj i^' A G333ZTCMC TIUIUJJUIL : XCTXIOX 03XIG33X 3540 

25 

ClULUJUULA AJLLUm ' lA CPOXygG G^mmr TQ3XTIQ33 Q3333333X 3600 

TO^IOTffiT m Tm?TT a3^3TKX: TKUO^OZ PK2032J33 3660 

30 amoxr 0333jggE anGncm: ranoai igHgacnr c ct llluhh: 3720 

AD3EOM3 'i mj t'rrjr : GDOOnE GKSIQ3XA lOIinm G30m3X 3780 

ITOSTCCICA 03330705 1030330: limriOX (JLULTU^GX 3840 

35 

XTK3O0CT mJ UL lL' lLA 0303003 C7tOSm3 QH33SG3T 03IOCSGIG 3900 

00330033 M3333333V GIOTCME KJWHCIh G&JOJ&C 3960 

40 TIOCKEGV lOHSlGIT GSOW33IC GIGOGKE A33333GPffV (XflGCIHWC 4020 

AXicnG3v awavcpc q&p&cpcg ajjjiujlta uul;iu-^.4.^ cnaiisac 4080 

ciaaasGA im u m i im cmibia^c ixnyocnx: pgpcxzgct aaasoo: 4140 

45 

Msmiffi lasanos cttcukebc j^guotce ajLimiim axnnmc 4200 
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0X030333 TCIGK3XIG M3GITIQ3 aUiatOIE 4260 

Tosvoan 1 TawmiA gshxjcwc Gaxraraas acriaxsa: cjocicdog 4320 

G3 KO 0 3 3 : U Lj iU JU LTlC OJJJJ1UXT 4380 

OHI3imiGOT33ffi CCK303X CPGJJUXA G3CTCP&8Z 4440 

empcrm: asraatrr g&chcpgi! ohxzpwg (xnnvazis cumur 4499 

(2) INEOMOTCN KR SEE ID NO:24: 



(i) SEQUENT CJfflWCERISriCS: 
(A) UEN3IH: 30 base pairs 
15 (B) TOE: nucleic acid 

(Q STRflNTHTESS: single 
(D) TCHinraf: linear 



20 



25 



(ii) MUEDULE TYPE: cOsPV 
(iii) H H OIHEJICTL: ND 
(iv) 2NTI-SE1EE: ND 



(vii) MEDIATE 90CECE: 

(B) CMSE: olBES-074 



30 (xi) SEQJQCE EESCRIPnCN: SEQ ID ND:24: 

p muujjj aj uL 'iuiu a: Taaaimr 30 

(2) INECRffinCN KR SE3Q ID ND:25: 

35 

(i) CHAKCHEISnCS: 

(A) UNSIH: 30 base pairs 

(B) TOE: nucleic acid 

(C) S3EBNTFIT4RSS: single 
40 (D) TCKXOGf: linear 

(ii) MJEJJIE TOE: dm 

(iii) HSfPOUEriCTL: ND 

45 

(iv) ANIT-SElsEE: ND 
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(vii) MfDME SOURCE: 

(B) OOE: oZeocin-077 



5 



(xi) SEgBCE EESCKEPnCN: SEQ ID N0:25: 
TWCTCrSGT CT OIUJ I LLT C0033CTC 
10 (2) INKRffiTICN KR SEQ ID ND:26: 

a) segike amciiKrsncs: 

(A) I£N3H:. 30 base pairs 

(B) TEE: nucleic acid 
15 (C) SIRSNEEHESS: single 

(D) TCKHEr: linear 

(ii) MXEDULE TYEE: c£NA 
20 (iii) HfPOIHEnCRL: YD 
(iv) JWIT-SEN3E: ND 



25 (vii) IMtDKEE SOKE: 

(B) OOE: 0IBE^ZeocirK)75 



(xi) 2X3UEKE EE9CBIFTTCN: SBQIDNO:26: 



30 



G33aaSTIG T3X&tt£TT 



30 



(2) INEOMETCN KR SEQ ID ND:27: 



35 



(i) SEQUENT CHAKOERISTICS: 

(A) IEN3IH: 30 base pairs 

(B) TEE: nucleic add 

(C) STOMECNESS: single 

(D) TCPCSiDGlf: linear 



40 



(ii) M3HEULE THE: dm 



(iii) ffi PO PE TICTL: K) 



45 



(iv) £NTI-5E*EE: K> 



SUBSIHUIE SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 83 - 



10 



20 



(vii) INWEDIR3E SOKE: 

(B) OQE: oIBES-Zeocin-076 



(xi) SEQUENCE EESCRIPnCN: SEQ H>N0:27: 
CT1UJLKAA 0CA1O3XAA GirCKDCT 30 
(2) 3NEO*©TKN KR SEQ ID NO:28: 



(i) SEQJE2CE O^PCIEKLSTICS: 
* (A) IHGIH: 5540 base pairs 

(B) TYEE: nucleic acid 

(C) snVNTFTWSS: single 
15 (D) linear 

(ii) MTFrTTTF, THE: DA (gaxinic) 

(iii) HYPOTHETIC?!.: ND 

(iv) ANTI-SENSE: ND 



(vii) M4EEDOE SOKE: 
25 (B) CUKE: KMIKnH-II^THM^^ 

(ix) EE7HURE: 

(A) NBC/KEY: 5 f UIR 

(B) IOWICN: 1..118 

30 

(ix) EEKTURE: 

(A) NPMEyKEY: excn 

(B) UXBTICN: 119.. 164 

35 (ix) 

(A) l^E/KEY: intxcn 

(B) K3CKTICN: 165. .243 

(ix) EEA1URE: 
40 (A) NPME/KEY: excn 

(B) HDCAHCN: 244.. 557 

(ix) ETOItFE: 

(A) OT^/KEY: intrcn 
45 (B) ICCKEKN: 558.. 1155 

(ix) EEAIUBE: 
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(A) mE/¥Ei: excn 

(B) KX30ICN: U56..2166 

(ix) HEKIURE: 

5 (A) l®£/*Ef: intrcn 

(B) KXKTICN: 2167.. 2766 

(ix) EEKKJFE: 

(A) NfcE/KEX: excn 

10 (B) KOCTICN: 27S7..4560 

(ix) EEKIUPE: 

(A) rcaE/KEX: intrcn 

(B) KXXTICN: 4561.. 5159 

15 

(ix) EEHTCFE: 

(A) excn 

(B) LXATICN: 5160.. 5534 

20 (ix) EEBOTFE: 

(A) 3'UIR 

(B) LOraTICN: 5535.. 5540 



25 (xi) SEQJEKE EE9CRIFnCN: SEQ ID ND:28: 

AiaiEdEGr AED33333X AGIGIQID33 AAXICIGCEG 60 

A37O0CAICA Q 033 3 3 X OGCCTOm: CnmSIOA QLIGHSmS TXTDOAT 120 

30 

lUdb Tl fl lCT TOTXIGAT Q33GIQ3IT JOffilMGS UXIUIABG 180 

IOXAA?OT SmSKTOT AAJOCIGIG PCPGVGG&A 1U£TTIGX xnumCIA 240 

35 OQ333IGBA TKX3XTTIC 00333 T1UJ OJJIU^GIT OVCPCG&G 0GZO33X 300 

jeasraiE aaascOT omiHos ujxiujlia iBrana aimacs 360 

aBmoaA a^OGXiG aajnims cc&gv&a asasmr cimm 420 

40 

iGsmcrr oujiullll: fljjj-u.u, a poj&vgcg amnjiz: tkaictoct 480 

(jo&gv&g coorarc ciGsrsm: tctksaaaa axrarosc n&pcocct 540 

45 0303033 OOm33X OJJ1U1UXT (JXU.UXI.L: mPffinZCT 600 

GmaamKJJJULb'iGT OUbTriUlLT M30GIWr TICDmOA 660 
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T1UULU1U1T TIG33gfflST SmUXQG J«KEIG3X CIUICTICIT 720 

CUPG33aIC THOJUJILT (mflAKgl AEGaSQjIC TGntSygGT 05iqflGg& 780 

5 ■ 

TS&PGCnC TISftSOA TTO3G33G 840 

assmn: cxj^asm 9°° 

10 anaawra an3o«x: otgioxpc GnGitSGn osmcTicr gswogic 960 

Kg mmcr cna?m3r atictopg goxtgpms pxrcoxm osnmnsr 1020 

TGIMGSKT C1GAICTGQ3 GX1Q33IG: ^ffiiLLUTIA OSIUIUITIA UlULBUbTJA 1080 

15 

jWWEEIUT MDH3IE #0303333 MSiaSTHT OTTPgflAa JgnaiCTT 1140 

tf gngra a^TKrasr airiujnu ajvawws TGiaE&arr qso^gigt 1200 

20 cmnos Tam^rr itsmnm' ctggkct33 ranns ctickhhc 1260 

OG3IGBEC GXPGD3ICG G^PO^KJHT 03SOnG CLTIOTGIA G&G&OJZ: 1320 

qrenwnc ocotgiosv adoogdj qtootig azmas^ G3H33mmr 1380 

25 

GICTOrK3\ AJJJJJIL'IA lQ3I7EEmr QJL'IUJJG^ G33TTKCTG .1440 

CTlUUjB C CraJfflS SOaKKT OmriOA GaCGIGKE 1500 

30 (xu ' iu i'iiA M3m33fic iGssnmc axmmjs TO3H33icr AJiumuuc: 1560 

asrsgrnc u ujluoct ggxtkex Giumu«r axracnv ta^ulujuot 1620 

axronac cimuLKrrc koctgdds gogcigx AnaociGrr Gssoncm 1680 

35 

ojo aGnGS CDomrsc mtkujctc ticitcdgg jotki?o iottciuig 1740 

Q333XICTG ADS^OiAfff TCTMSSIGT KJOSTTCBC Ib'IU^ATIC 1800 

40 JSOOWIG3 OJITAIUEIG Gm3Ziarr GILTlinaC 1860 

QsoCTr: T raoar r Giamsc cnsesiac omnTisv oxpgoca 1920 

gchctoKx: imxmxA ?Qvnwoz mmoG lumjmur gtcdgksgc 1980 

45 

TiOTaraos ccFva&cm aznxx&c tatoxicic gmotgcc cdosi'iukt 2040 
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GKSwsrnG fajjs&oc pckixekh: Gusncuss togdxka caxmusg 2100 

Q3^CCTIG3 K33333KXA 0O£EEIG3 0030330 (SGKECKIT 2160 

5 laznmroc jw&shccg amerox lamrox cmKnrrpc luajjaraz 2220 

arnaM AM333331G luumuiu iKminrmr Tna^orar Ananaur 2280 

'ITlLLLft filG TSGS31G OJ1U1LT1LT 1*30303^ TCOUmST 2340 

10 

crnannc iohotgo Mro^air ciuiigkog TOaKarasA, mam 2400 

ciQ3*azrr crushed no^csiht gjpoc&ccc ithma G33aaa3x 2460 

15 en mu jJG jo lli ull t ciumr.aA. ^ojl?OjIG itotpgctec pcohj^g 2520 

G33330PC 033GIQXA CL'nULgCT TOSWSOT OffiKIUXX 2580 

tozk3«ie mno«3A 03333K3?g segoceka MSBrara. riuxsaoaA 2640 

20 

TCK K03 5 (JJXTOGaTC OOIULTIT JOIGIGTIT JO03G3IT AAAAASCGIC 2700 

mmmr (Mnrnc GraosnT iilitic^aaa ^oo^dsv ta^tiux; 2760 

25 iOflXEICT M333m33 GJlUJJLblC TlLL'lUa' K A ILLlULaUJC TO3CT33G 2820 

G33K3333IC 033333*3*3 0JXT1UJX 033K330X 0303330: 2880 

CIU^L'IG T CEIQStfOVr 00020033 amom TCDOTCIA CLUlLltBIG 2940 

30 

Q3Gsmo\ AUJ iuJi ur criumujb fiiGKaaa: (3G333£rr G3Sflnrr 3000 

GOTO3D33 raaciosc nsorasc Q3nn?cr Tioaasraz ciosgksc 3060 

35 rw rorrrrr MSKXXET G3CI033O OOSTmX MOTCIG33 0330*303 3120 

PCKEP&PG aXTGTPCCT A33CTTD3 03O3IGICA Cra3M3C 3180 

mriUflUG JO30333C OjlOXL TC GraraKBff TOCIG3G3\ (iJJLLlUUL^ 3240 

40 

TOXTO3GT (JJUnVCPC A1UJUJLT1U 00033333 T33O033T G3GriG3IG 3300 

MI3im G33 C CT3 3 X 03330033 G3mOQ3^ (3203333X 3360 

45 cni3a3Kr ii m uujJU3 azao&az josgoosr ocnsasiCTc oaujiujaj 3420 

C3033ZTKE 030333031 (3003K?TC TOHm T03IOOIA G333£03G 3480 
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GBPG srac: jmoiosv gjiltiultg irainnxi jotosg&c ceiujjjcac 3540 

TTO GI333C 03IG33OC CFPGW&PG £03203332 (J33IUmG 3600 

5 

(303113X1 Gaar croas oixmg3x titocdec (mm jrarroax 3660 

na3333zr cd33Zdxic oositiuiu azcrosaG nram asmsciG 3720 

10 GioflwoE ammffi aaaaHE atocgxigt oonn: TxnosBG 3780 

umua cG a3333acKr Qsonmr ciamscA onrcirar uiimajx 3840 

(JTZPG&BK Q33CT05T CEICmS; 17033033 ?CPPGJn3C CCPG3KS3Z 3900 

15 

CiUUJCUXT am^TKA GHCTI03X UUlflCLTX KKJ3CPC3I (2G3333333 ' 3960 

a? Oj Igs ka a^nosiax craoMai: oisgqe /oeosiwzv cpgo&opc •• 4020 

20 CFCIPCPGCC CTOOTXA GSOHODX AIGITCAP£A MSKEDSIC IGICEMOCD 4080 

G3g 02 » TCC li m Lft X TC TItXTOm: N&HX3&G PCPG&&33? G333PQ33IG 4140 

( ^< - .i t t u; Q3003IG3\ G3O0GIQC GICWOKIG 03333003 4200 

25 

QCTim: 0G33SIQ3C CCIQXTICC CTIULUJCX 4260 

OTSZOG3T TOZOGCIA QS^IL'IUJ ^JJiUJJUX M3D3ICIGT Q33IGBCIEG 4320 

30 THQ33I035 T GXd Gg^L C10LT1U WC CODgmtg !CTfl33333T GSmTTIC 4380 

GCTm^icr aj CT JLJCiUy avn&nnz 103333110: cLTiuaoas o^gigmt 4440 

aaag mxc v s x n&GKT oegkxzos tkeak^gz gjgjx'KA ciuinox 4500 

35 

JOTM33IC a033Cir7O: GKCTOTQV 1CTGIG3335 OffiKOCKA 4560 

A33IG33333 CCaXIX TCT OXKnCDX OOCTMOSr T?03333^ ft3333CTIG3 4620 

40 MTOM3333 ffiGTOOSHT GICMKD3T WETKDC OTJOTX3333 TCTTTIGGCA 4680 

AR3D3C333 CEQSWCCr (miVTTTIUr TCTKS0GBG OET33IMG Ciiiumuuu 4740 

CTC T mXfl k GCTC IGTD 3\ MGKCTg^ Q3ffG3PGIT CLlUlOffflG 4800 

45 

ITlLTlGP flG PC&K2&33 TCIUITgCTi 033TnO2G CTPG33OTC 0CGGCKCIG 4860 
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10 



15 



20 



25 



30 



35 



40 



QDsmjsiG C CTcn a oG X cwwmx gigihaka tpcpcckia j^ojjhjc 4920 

cnmiGIG PGHOBWC T1U1U3WBG ^GKMAIG3 OCTOCICSA 4980 

GoaancAA cMmnc amsegdx z&vggjkz ocatigikig ggaicictoc 5040 

T333GCCT35 TTDCOGIG TTIH3I03C GTIAAAAAPC GlCmUXC 5100 

0333ffiD3G TITKEITIG AAAAZOKBl TCAlAZmET GXSCAfiCCA 5160 

raajQg Grr smcrox Gnocssiac tckebots oacGKHr ggbg333KE 5220 
jcnaasc asmnnc aainuux Gsacnasr Qsom: tiuluxog szso 

IG3K II3 3 S\ C&OEI&CC OGTICA1CA 0D333IDXA G3£EEG3IG CT3333JCA 5340 

mm: croGCTjna? Giom^o: T33aaacr Gramc lujiuisos 5400 

TOSrGKDC GBB C T 1 D335 GfOTCIOCE G3TOHKT Gm^ffilC 0333030: 5460 

( 1 30 333333 CMUJ^CC 0 3 3 I MT P A OJ3J3X33C TlUblUJJUb 5520 

AG3G3G3^ CKSCI03G 5540 
(2) INECFMAHCN KR SEQ ID ND:29: 

(i) SEQUENCE CHARJOERISriCS: 

(A) IEN3M: 829 base pairs 

(B) TOE: nucleic acid 

(C) STE&NCEirasS: single 

(D) TCKXCGY: linear 

(ii) M3B3IE TOE: ENA (gaxmic) 
(iii) ffiPOTEnCSL: ND 
(iv) ANTI-SENSE: ND 

(vii) OMEDME SOURCE: 
(B) CUM): ProAKS 

(ix) BEA31EE: 

(A) m&/¥E£: 5'UIR 

(B) IOTE1CN: 1..16 

(ix) EEXIURE: 
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(A) NFME/tEY: excn 

(B) L3CMTCN: 17.. 820 

(ix) EDflUFE: 
5 (A) MWE/KEY: 3 f UIR 

(B) LOCKTICN: 821.. 829 



(xi) SEQUENCE EESCKHTICN: SEQ ID ND:29: 

10 

(xn^rnc gotcckke amiriccr aacrnnz JOTarroc TGrroaras 60 
Gimm e cnmaiE mmma ADzaGXM ggicnna. u^TOrm 120 

15 OT3XI2GIG Mj.nm'n; iOOCAfOT OJIULLTILL GIMKHftl GIGAPG3IAA 180 

j OGoencr ctswotit g33*akcts awasGuic cigsghgt octwossv 240 

gflG3JQ3\ AAEmZAflS AfiSQXOTIT ' 300 

20 

G3KICTAA M3KD3333 ULTiQm^A AH33IB1G3\ ASAAA1031 360 

TGAZnTTOT OI2lD33¥£ CPGV&P&l Q33^AIQ3^ ASK^ffiia: TOUMQDG 420 

25 GIMQ3333: TIC7OTM£3V M3E03O^ G&C&C&C UJXTGXTA ATICOCSGl 480 

CCTGLTAAAA gm'llTCC JWO0333\ OWimZG aMXC TmmnGG 540 

CK3It303«r A370G33333 TICKPSOG 600 

30 

AZmXHBA CIG3£0£G APG33AA3\. COZSS^3 03AmiQ33G GCTTCKKSG 660 

pp&gtpogt e mn gcr GoIgseqsv ccmoAA aEmras^ Gmirm 720 

35 ajmiTlULD (CT335m^ flSmOOCA 780 

ICTAAia^A AAAK30M3 CJQMTEKT (3EOTITIAA 03^03333 829 
(2) INECROHCN KR SBQ ID NO: 30: 

40 

(i) SEQHCE CWraraERISTICS: 

(A) UN3IH: 598 base pairs 

(B) TYEE: nucleic acid 

(C) STRSNLEHESS: single 
45 (D) TCECaJJGY: linear 

(ii) MXE31E TYPE: ENA (gerotac) 
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(iii) ffiKOTETICEL: ND 
(iv) J*ni-aiBE: ND 

5 

(vii) IMEDMESCtKE: 

(B) CU2E: WES seqjsnce 

10 (ix) EEKKPE: 

(A) I^E/KEY: intrm 

(B) lOMICN: 1..598 

15 (xi) SEQLEME EESCKEPTICN: SEQ ID ND:30: 

gCTEmr eeoaaa c a nmi Er pOTflwrc rrrrMom cngaBgft. .60 

G 3 H33 T 3 IG OGITIGICIA miUlWlT TCDmOKT lULULSlLTlT TOXMIGIG 120 

20 

M33D0CX^i«ma33X TGTCTOIG M3ECKTIC OTG333ICT TiaXTICIC 180 

ajm&3>& ia3^G3icr gtis^igic gkspgs^g amacicr oawocricr 240 
25 rayoom c^eioct 300 
zra nm cr gotdcbaaa. ajcm^m tom: ciqcj^gx qs^ctmx 360 

CTGKHXG Tlbll^Jr i G SEPGHGIG GVP&GIZK MiUJJIUIC 420 

30 

OEIG«IA TOimS GISQ2XKET GIKIG33EC TKiCIUi^ 480 

cEiaasia^ aaa^^ 540 

35 302033351 UaKJSlTl'li: CTTiraAAAA CyaaiCTJR KTnGXfiC AS0CKIQ3 598 
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Applicant (s) hereby give notice of my/our intention that 
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WE CLAIM: 

1. A cell stably transformed to produce at 
least one analgesic compound from each of the groups 
consisting of endorphins , enkephalins, and 
catecholamines . 

2. The cell of claim 1, wherein the 
endorphin is fi-endorphin. 

3. The cell of claim 1, wherein the 
enkephalin is met-enkephalin. 

4. The cell of claim 1, wherein the 
catecholamine is norepinephrine or epinephrine, 

5. The cell of any one of claims 1-4 
wherein the cell is a RIN cell. 

6. The cell of any one of claims 1-4 
wherein the cell is an AtT-20 cell. 

7. The cell of any one of claims 1-6 
wherein the cell additionally produces a compound 
selected from the group consisting of galanin, 
somatostatin, neuropeptide Y, neurotensin, or 
cholecystokinin . 

8. A cell transformed with a DNA encoding 
POMC, a DNA encoding TH, a DNA encoding DBH, and a DNA 
encoding ProA, each DNA molecule operably linked to an 
expression control sequence. 
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9. The cell of claim 8 wherein the cell is 
transformed with pCEP4-POMC-030, pcDNA3-hproA+KS-091, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088 . 

10. The cell of claim 8 wherein the cell is 
transformed with pCEP4-h POMC-AACTH-032, pBS-CMV-proA, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088 . 

11. The cell of claim 8 wherein the cell is 
transformed with pcDNA3-hP0MCDACTH-IRES-rTHD-IRES-bDBH- 
IRES-Zeocin-073 and pcDNA3-proA+KS-091 . 

12. A transformed cell producing at least 
one enkephalin, one endorphin and one catecholamine, 
wherein the cell is transformed with: 

a first vector containing a DNA encoding 
POMC operably linked to an expression control sequence, 

a second vector containing a DNA 
encoding pro-enkephalin A operably linked to an 
expression control sequence, 

a third vector containing a DNA encoding 
TH operably linked to an expression control sequence 
and a DNA encoding dopamine beta hydroxylase operably 
linked to an expression control sequence. 

13. A method for treating pain comprising 
implanting at an implantation site in a patient a 
therapeutically effective number of the cells of any of 
claims 1-12. 
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14. The method of claim 13 wherein the cells 
are encapsulated in a semi-permeable membrane to form a 
bioartificial organ. 

15. The method of claim 14 wherein the 
bioartificial organ is immunoisolatory . 

16. The method of any one of claims 13-15 
wherein the implantation site is the CNS. 

17. The method of any one of claims 13-15 
wherein the implantation site is the sub-arachnoid 
space . 

18. A method of producing a cell that 
secretes at least one enkephalin, one endorphin and one 
catecholamine/ comprising transforming the cell with a 
DNA encoding POMC operably linked to a first expression 
control sequence, a DNA encoding pro-enkephalin A 
operably linked to a second expression control 
sequence, and a DNA encoding TH operably linked to a 
third expression control sequence and a DNA encoding 
dopamine beta hydroxylase operably linked to a fourth 
expression control sequence. 

19. The method of claim 18 wherein said 
first, second, third and fourth expression control 
sequences are identical. 
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20. The use of the cells of any of claims 1- 
12 to manufacture a medicant for treatment of pain. 

21. The cells of claim 20 wherein the cells 
are implanted. 

22. The cells of any one of claims 21-22 
wherein the cells are encapsulated in a semi-permeable 
membrane to form a bioartif icial organ. 

23. The cells of claim 22 wherein the 
bioartif icial organ is immunoisolatory . 

24. The cells of any one of claims 21-23 
wherein the implantation site is the CNS. 

25. The cells of any one of claims 21-23 
wherein the implantation site is the sub-arachnoid 
space . 

26. A bioartificial organ comprising: 

(a) a biocompatible, permeable jacket 
surrounding a core; and 

(b) said core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines. 

27. The bioartificial organ of claim 26 for 
use in treating pain. 
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28. A method of making a bioartif icial organ 
comprising encapsulating a core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines, with a 
biocompatible/ permeable jacket. 

29. The use of a bioartif icial organ 
comprising the cells of claims 1-12 in manufacture of a 
medicament for treating of pain. 
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FIG. 2b 
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FIG. 6 
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FIG. 7 



(4836)Kpnl 

(481 7)Xhol 

(481 1)Soll 

(4803)Clol 
(4796)Hindlll 
(4792)EcoRV 

(4784)EcoRi 
(4774)(Hml/Smol) 



Notl(67l) 

BstXI(666) 




BomHI(1088) 
Soul(1331) 



(4089)Hindlll 
(4092)BstXI 

BstPI(4028) 



/ , Soul(3348) 
/ EcoRI(3444) 
(3996)Smol (3524)BstXI 



Hindlll(2487) 
Kpnl(2621) 
Hindlll(2834) 
BomHI(3065) 



WO 96/40959 



PCT/US96/09629 



10/13 



FIG, 8 
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FIG. 9 
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